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CYANIDE LEUCOENCEPHALOPATHY IN RATS AND OBSERVATIONS 
ON THE VASCULAR AND FERMENT HYPOTHESES 
OF DEMYELINATING DISEASES 


BY 


C. E. LUMSDEN 


From the Department of Pathology, University of Aberdeen 


Peculiar brain lesions have been produced in 
monkeys (Hurst, 1940, 1942), in cats (Ferraro, 
1933), and in dogs (Jedlowski, 1937, 1938; De- 
chaume and Chambon, 1947) by the repeated 
subcutaneous injection of cyanides. Some have 
considered these lesions to show features similar 
to the spontaneous demyelinating diseases occurring 
in man and possibly in certain other mammalia, 
_ such as the monkey, sheep, dog, horse, moose, 
and fox. 

The present report describes similar lesions 
produced by this means experimentally in the rat, 
and contrasts them with the lesions which resulted 
from experimental chronic carbon monoxide poison- 
ing, and from experimental capillary embolism and 
' disseminated capillary thrombosis which were 
successfully produced, perhaps for the first time, 
in this species. 

These cyanide lesions in the rat develop only in 
the central white matter of the cerebrum and show 
a certain selectively demyelinating character unlike 
any of the other lesions achieved in this animal in 
these experiments. They have a remarkable histo- 
logical similarity to the rare Marchiafava-Bignami 
disease of man, and indeed some similarity to 
Schilder’s disease. 

This experimental cyanide lesion in the rat brain 
is the only spontaneous or experimental lesion in 
this animal which is at all reminiscent of demyelin- 
ating disease. Furthermore, the rat appears to be 
quite insusceptible to the “* experimental ‘ allergic ’ 
' encephalomyelitis ’’ which we have studied in the 
_ guinea-pig, and it is apparently completely resistant 
‘to hypersensitization lesions like the cerebral 
Arthus phenomenon (Lumsden, 1949). 

The production, therefore, of this entirely artificial 
demyelinating disease in the rat, bearing as it does 
_ such a close similarity to that produced in the same 
way in the other species mentioned, suggests the 
existence of some fundamental biological mechanism 
in the brains of mammalia. Though it is much 
too premature as yet to say what this mechanism 


B 


is, the obvious inference is that it may be an 
enzymatic mechanism peculiar to the oligodendro- 
cyte-myelin sheath complex. 


The Production of Cyanide Lesions in the Rat 


One hundred and fifty rats were treated for one to 
forty days with daily subcutaneous injections, for the 
first five days of each week, of a sterile solution of 
potassium cyanide (KCN). The average daily dose per 
animal was 2 to 6 mg. of KCN, depending on the size 
and age. This is not a drug for which these animals 
acquire any real tolerance but, starting with half- to 
three-quarter-grown animals it is possible to increase the 
dose as they grow. Further, the doses given are just 
sublethal: for example, if in a given day some thirty 
animals all survive a dose of 5 mg. each, the dosage is 
raised on the following day to 6 mg. each. If three then 
die, the dosage remains at 6 mg. each until the day comes 
when there are no longer any casualties with this dose, 
and it is again increased. In this way a few casualties 
occur every day, or at most every two or three days, and 
timing of the onset of the lesions is for this reason very 
accurate. These 150 rats dying from chronic KCN 
poisoning have been examined histologically in from 
three days up to six months after the onset of poisoning. 

The doses given are therefore nearly maximal, and 
almost invariably produce unconsciousness lasting from 
ten to sixty minutes and usually associated with prolonged 
convulsions and deep cyanosis. When the animal recovers 
from the convulsions and coma, it remains somewhat 
lethargic for several hours. During the second and third 
weeks fairly severe diarrhoea is common and may last a 
week or longer in animals which survive. This diarrhoea 
may clear up for a few weeks and then reappear, and is 
presumably an index of general intoxication. Paralyses 
are uncommon, though some animals before death 
develop torticollis, spasticity of the hind-limbs, and 
sometimes blindness. Impairment of sense of smell, as 
judged from reactions to food, has not been detected. 
As arule the general condition of the animals remains 
remarkably good, though there is always some loss of 
weight. 


Results.—Out of nearly a hundred animals which 
died of acute intoxication within the first fortnight, 
only one had a cerebral lesion ; but out of a total 
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FIG. 


FIG. 


1.—Diagram of rat brain in horizontal section to 
show the commissures. 1, callosal; 2, hippo- 
campal; and 3, posterior (intra-thalamic) com- 
missures. c.r. = callosal radiation ; h.r. = hippo- 
campal radiation; c. = caudatum; v. = third 
ventricle ; c.p. = choroid plexus. 

(Note : All the subsequent illustrations from the 
cyanide series are from sections in the same horizon- 
tal plane as in this diagram but are orientated with 
the sagittal axes cross-wise on the page, the anterior 
pole being towards the left of the illustration.) 


2.—Lesion in Rat D/27. Callosal commissure. 
Loyez’ stain, <60. Shows the symmetrical 
demyelinated area, with some vacuolation. 


3.—Lesion in Rat D/126. Callosal commissure. 
Loyez’ stain, x90. The dark shadows in some of 
the vessels are erythrocytes stained heavily with iron 
hematoxylin. Under the microscope the red cells 
are actually discrete and there is no fibrin deposit. 
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Fic. 4.—Lesion in Rat D/30. Portion of large plaque 
occupying almost the whole of the callosum. 
Loyez’ stain, x 50. 


Se FIG. 5.—Lesionin Rat D/111. Large plaque in callosum. 

Loyez’ stain x50. Note the fairly sharp frontier 

of demyelination. The black mass of erythrocytes 

in the vessel to the right gives a spurious suggestion 

of thrombus at this magnification, due to staining 

with iron hematoxylin, but in the actual preparation 

the red cells are discrete and there is no fibrin 
deposit. 


Fic. 6.—Lesion in Rat D/74. Prolongation of central 
lesion into callosal radiation. Hematoxylin and 
Sudan, x 60. 
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Fic. 7.—Lesion in Rat D/30 (see Fig. 4). Extension of 
lesion into callosal radiation. Loyez’ stain, x 50. 


Ei 
; ' F — 
Fic. 8.—Lesion in Rat D/124. Extension of lesion into 

hippocampal commissure. Loyez’ stain, x90. | 


Fic. 9.—Lesion in Rat D/111. Further detail from the 
lesion in Fig. 5, showing part of the contour of a 
large lesion. Note the “ spindle cells” within the 
lesion. Loyez’ stain, 90. 
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Fic. 10.—Lesion in Rat D/5. Vacuolation in an early 
lesion. Loyez’ stain, x 260. 


Fic. 11.—Detail of lesion in Rat D/74 (see also Fig. 6). 
Hematoxylin and Sudan, 140. Note the fairly 
sharp edge of demyelination without any malacia or 
even vacuolation. Note “ spindle cells ’’ within the 
lesion. 


Fic. 12.—Early lesion of Markschattenherd type in Rat 
D/119. Loyez’ stain, x 90. 
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. 13.—Older lesion in Rat D/27. Hematoxylin and” Fi 
eosin, x50. The lesion resembles a plaque of | § 
disseminated sclerosis, with disappearance of myelin © 
and interfascicular oligodendroglia in the centre and — 

with a microglial reaction now only at the periphery ; © 

yet there is no central malacia. : 


Fic. 14.—Cellular proliferation (? microglial) in a young i 
lesion. Hematoxylin and eosin, x90. Rat D/74. 


Fic. 15.—Fat granule cells within lesion. Rat D/124. 
Hematoxylin and eosin, x 260. . 
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FIG. 


FIG. 





16.—Detail of ** spindle cells’ in lesion. Penfield’s 
modification of Hortega method. (a) is a photo- 
micrograph of two of these cells. As it is not 
possible to show the full detail in the one plane of 
focus in the photograph, a drawing of these same 
two cells is shown in (4) (slightly reduced). 


17.—Experimental micro-embolization, twenty-four 
hours old. Loyez’ stain, x 100. 


18.—Experimental micro-embolism, nine days old. 
Mallory’s phosphotungstic acid - hematoxylin 
method, »*260. To show thrombi in_ vessels, 
malacia of background, and microglial reaction. 








FIG. 


19.—Experimental 
occipital cortex twenty days after embolization. 
Hematoxylin and eosin, < 50. 


micro-embolism. Cysts in 


of thirty-seven surviving an uninterrupted course 
of injections for periods of from two weeks to six 
months, no fewer than sixteen developed a remark- 
ably uniform and characteristic lesion affecting 
symmetrically the central white matter of the 
cerebrum. Apart from some fatty change in the 
liver, histological lesions were limited to the brain. 
The heart was not enlarged, and there was no sign 
of infarction or of vascular thrombosis in any of 
the organs. Blood examinations were not carried 
out but none of the animals revealed any sign of 
anemia at autopsy, nor did the spleens show any 
hemosiderosis. 


Description of the Central Nervous System Lesions 


It is necessary first to refer to certain anatomical 
features of the rat brain. Because of the much smaller 
size of the animal the amount of white matter relative to 
grey is much less than in the sheep, the cat, or even the 
rabbit. The centrum ovale consists only of a thin strip 
of white matter on either side, and there is scarcely any 
corpus callosum. In the rat the corpus callosum is 
replaced by three well-marked commissures : an anterior 
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Fic. 20.—Experimental microthrombosis, nine days old. 
Mallory’s P.T.A.H. method, 260. Thrombi, 
malacia, and microglial reaction as in Fig. 18. 


or callosal, a central or hippocampal, and at a lower level 
a less robust posterior commissure. The grey matter of 
the cerebrum consists on either side of three well-defined 
groups: (1) the non-convoluted cerebral cortex with a 
rich laminar structure, (2) a large and well-defined mass 
of central grey matter the whole of which (Gurdjian, 
1927) is referred to as the “* caudate nucleus,” and (3) the 
hippocampus, which forms a large crescentic roll of grey 
matter starting forwards and below and sweeping back- 
wards and upwards, swelling out on either side into a 
ball-like mass (the cornu Ammonis) filling the space 


between the cortex on either side, and forming the bulk of © 


the upper part of the brain. When the brain is cut 
horizontally in serial section on the freezing microtome, 
the first part of the white matter seen is a longitudinal 
strip in either hemisphere corresponding to the centrum 
ovale ; 0-1 mm. deeper the cornu Ammonis comes into 
view, and the white rnatter of the centrum ovale splits to 
encircle this structure, but in front of the cornua it merges 
with the white matter of the opposite side to form an 
equilateral figure with incurved sides, measuring about 
1-5 mm. across its centre. It is this structure which, in the 
more precise anatomical sense, is homologous with the 
corpus callosum in man. In the rat, however, this is a 


shallow structure rarely allowing more than twelve to 
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fifteen 10-micron sections, when it is split transversely by 
the fornices into the callosal and hippocampal commis- 
sures (Fig. 1). Ata lower level this latter splits again and 
a commissural band—the posterior commissure— 
appears behind the caudal end of the third ventricle and 
the commissural organ (which is very well developed in 
the rat). 


From this description it will be appreciated that 
the corpus callosum, and the callosal and hippo- 
'campal commissures, which together form almost 
the whole of the cerebral white matter in the rat, 
are all in very close continuity with each other, 
' being simply the digitations or prolongations of the 
‘centrum album, and it is only because of the small- 
‘ness of the brain that there is an appearance, even 
‘in histological preparations, of an abrupt transition 
; from one part to the next. To describe, therefore, 
_in this work, a lesion of the corpus callosum in one 
‘rat, a lesion in the callosal commissure in another, 
and a lesion of the hippocampal commissure in a 
' third, is not to imply a multiplicity of sites of 
‘election by the pathological process ; the result is 
determined by the particular level of the sections 
described or from which the photomicrograph has 
been taken; and it will be appreciated, therefore, 
that a variation of 50 microns appears to make an 
-enormous difference. 

As in other small mammals, the white matter of 
the rat brain has a very orderly fascicular arrange- 
ment and, in particular, the interfascicular oligo- 
dendroglia forms an almost continuous chain of 
nuclei between the nerve fibres. These nuclei are 
large and vesicular and contrast quite sharply in 
the rat with the microglial nuclei. Pathological 
alterations in these two types of cells are therefore 
readily recognized even in ordinary paraffin sec- 
tions: a great advantage where the volume of 
tissue is so small. In some instances the brains 
an," were mounted whole in paraffin, and sections were 
a stained by hematoxylin and eosin, Loyez’ hema- 
ied toxylin, and Mallory’s phosphotungstic-acid hema- 
5  toxylin methods. In other instances the brains 
ace Were cut serially on the freezing microtome and 
-of © preparations stained by Sudan III and hematoxylin, 
cut Spielmeyer’s method for myelin, Bielschowsky’s 
ne, method for neurofibrils, and Penfield’s modification 
nal for microglia and oligodendroglia. 
um The earliest, and smallest, lesions seen in the 
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ye sixteen positive cases lie in the centre of the callosal 
ges commissure alone (Figs. 2 and 3). More extensive 


an lesions not only involve the central portions of the 
nut Callosal commissure but, spreading dorsally, occupy 
the Symmetrically almost the whole of the corpus 
the callosum itself (Figs. 4 and 5). These more ex- 
Sa tensive lesions may remain localized to the callosum, 
to — but not infrequently (Figs. 6 and 7) extend out for 


a considerable distance either in the callosal com- 
missure or radiation as it swings out over the 
caudate nucleus, or into the hippocampal com- 
missure as in Fig. 8. 

The lesion does not always start in the centre of 
the callosal commissure, however; the largest 
appear to have started in the corpus callosum 
itself and thence the lesion extends as a tongue-like 
process into the callosal radiation on either side 
without the lower levels of the anterior commissure 
being involved at all. Consequently, sections at a 
lower level will in such cases reveal two apparently 
discrete but symmetrical foci of demyelination in 
the callosal radiation, as exemplified by Rat D/74 
from which Fig. 6 was taken. 

The histological features of the lesions are 
remarkably constant—despite the fact that the 
duration of the experiment might range from 
fifteen to ninety days. The lesions appear to 
develop suddenly, and they pursue a uniformly 
rapid course to death. Consequently there is no 
essential histological difference between the lesions 
in Rat D/111 (Fig. 5), which died thirty days after 
the onset of the experiment, and Rat D/30 (Fig. 4), 
which died ninety-one days after ; on these as well 
as on clinical grounds the lesions are evidently of 
similar age. Weston Hurst made this same observa- 
tion in his experiments on monkeys ; he affirmed 
that KCN is “ certainly not a cumulative poison,” 
and that “in a remarkable manner, necrosis often 
developed suddenly and simultaneously over wide 
tracts of the white matter after a dose of the poison 
tolerated previously on many occasions.” 

The individual lesions, as can be seen from the 
photomicrographs, are always fairly sharply de- 
marcated but they lack, perhaps, the abruptness 
of the contours of plaques of disseminated sclerosis 
in man. Fig. 9 is a slightly enlarged view of the 
same plaque as in Fig. 5. It shows, in a Loyez’ 
preparation, the appearances of a typical lesion 
with this fairly sharp demarcation, but all round 
the periphery strands of myelin sheaths traverse 
the edges of the lesion. Furthermore in certain 
instances, there is distinct fenestration of the tissue 
round the periphery of the lesions, as can be seen 
in Figs. 2 and 4. In the earliest lesion of all, which 
appeared after nine days only of cyanide treatment, 
the lesion consisted simply of a thin band of partial 
demyelination associated with this fenestration of 
the tissue (Fig. 10). On the other hand, in instances 
such as in Figs. 6 and 9, no such fenestration is seen 
and the lesions, being more selectively demyelin- 
ating, are more sharply demarcated than the others. 

The demyelination is undoubtedly selective here, 
for in all instances it is much more extensive than 
any destruction of axis cylinders that does occur. 
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Fig. 11, from a hematoxylin and Sudan III prepara- 
tion, shows quite clearly the transition from the 
normal myelinated tissue to the demyelinated area. 
The fascicular structure is still preserved throughout 
the lesion and there is no central malacia. Even 
in those cases with peripheral fenestration there is 
never any softening in the centre of the plaque such 
as occurred in the much smaller embolic and 
thrombotic lesions produced in the other experi- 
ments to be described later. Nor, by the same 
token, is there any tendency here to tissue shrinkage 
and distortion, nor to cyst formation such as occurs 
in experimental thrombotic and embolic lesions in 
this animal. In the absence of other than a minimal 
degree of axis cylinder destruction, the physical 
structure of the tissue remains unaltered ; in this 
sense, the tissue in this demyelinated lesion is 
‘isomorphic ’ with the parent tissue in the same 
way as it is, for instance, in disseminated sclerosis 
in man. Another feature, too, of the earlier 
lesions, and one indeed reminiscent of the primary 
demyelinating diseases, is the occasional appearance 
of Markschattenherde, as in Fig. 12. 

Unfortunately, this is a lesion which, when it 
develops at all, evolves rapidly and is soon fatal ; 
even where there have been paralytic features to 
signal the presence of a lesion in formation and 
the animal has in consequence been spared further 
injections, such animals have died within a week. 
Consequently, the remote fate of such a lesion, 
once established, if it were not fatal, has not been 
determined. Fig. 13 suggests, however, that the 
lesion might well evolve as a plaque of disseminated 
sclerosis or of Schilder’s disease, for its centre is 
remarkably void ; the patch is completely demye- 
linated, the oligodendroglia has completely dis- 
appeared (compare the fascicular white matter to 
the right) and even the microglial reaction has 
subsided in the centre though it is still active at the 
periphery. Yet the centre is not softened as it 
would be in a necrotic process. And in such 
lesions where Bielschowsky preparations have been 
available there has been ample evidence of at least 
partial persistence of axis cylinders. 

Though quiescent lesions, such as that\ n Fig. 13, 
are sometimes seen, the striking feature in most is 
the great increase in cellularity within the area. 
Fig. 14, from Rat D/74, shows the edge of such a 
lesion and reveals the character of these proliferated 
cells. Their nuclei are smaller and darker than 
those of the oligodendroglia in the surrounding 
parenchyma. Furthermore they (or at any rate 
some of them) evolve into obvious fat granule cells, 
as can be seen in Fig. 15 from Rat D/124. Usually, 
these fat granule cells are located round the peri- 
phery of a lesion and are, rather surprisingly, less 


abundant than one might reasonably have expected 
from the extent of the lesion. In fact in some 
instances no sudanophil fat was present at all. 

In the centres and not infrequently up to the 
edges of the lesions there are spindle-shaped cells 
of obscure nature. Attempts were made to trace 
transitional forms between them and the oligod- 
endrocytes in the immediate vicinity. But the 
nuclei of these spindle cells are more compact, 
often distorted, and stain a good deal more darkly 
than oligodendroglial nuclei (Fig. 16). Their cyto- 
plasm also impregnates fairly readily, like rat 
microglia but unlike rat oligodendroglia by Penfield’s 
method. Since certain cells amongst them are 
undoubtedly fat granule cells it seems legitimate to 
conclude that the cell type is microglial; it is 
possible, however, that some of them at least are 
degenerate astrocytes. But it has to be admitted 
that these spindle cells are peculiar in my experience 
with rat and guinea-pig brains. They recall similar 
cells which King and Meehan (1936) described in 
Marchiafava’s disease, and also the peculiar spindle 
cells which Greenfield and King (1936) described in 
disseminated sclerosis and which they thought were 
probably not microglial. 

In the grey matter, apart from minor cytoplasmic 
changes—and in notably variable quantity from 
case to case—there is no sign of gross damage to the 
neurones. Such alterations as are seen from time 
to time in the perikarya seem to depend more on 
the time and mode of death than on any other 
factor, and are presumably a measure of the in- 
tensity of the acute terminal cyanide intoxication. 

The paucity of astroglial reaction in Mallory 
phosphotungstic-acid hematoxylin preparations is 
one of the striking features of the lesions ; although, 
as has been seen, it is just possible that some of the 
peculiar spindle cells are degenerating astrocytes. 
Nor, apart from the microglial element, is there any 
mesodermal reaction ; for the perivascular spaces 
and pia-arachnoid meshes are notably devoid of 
granulocytes, lymphocytes, and fibroblasts. 

Neither in the lesions nor in the rest of the brain 
is there any trace of thrombosis. 
we have the subsequent series of experimental 
embolism (with propagated thrombus) and experi- 
mental thrombosis, so that adequate control 
material has been. plentiful. At most there is 
occasionally in the fixed and stained preparations 
of the cyanide brains a little homogeneous hyaline 
coagulum, presumably plasma; but this is found 
no more readily in the brains with cyanide lesions 
than in normal brains treated by the same histo- 
logical techniques. Certainly there were no vessels 


‘** which are stuffed with fibrin, dilated and beaded 
with curved strands of fibrin or masses of fibrin and 
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masses of platelets’ which, even for Putnam, the 
leading exponent of the thrombotic origin of the 
demyelinating diseases, are apparently the minimal 
criteria of thrombosis (1938). Furthermore, there 
was no sign of any hemorrhage nor focal hemo- 
siderosis such as were commonly found in the 
experimental embolic and thrombotic lesions of the 
subsequent experiments. On the contrary, even 
the venules within the lesions of the cyanide 
series appear unaltered and contain discrete 
erythrocytes such as can be seen towards the top 
of Fig. 15. 


Note on Experimental Cerebral Capillary Embolism in 
Rats 

Method.—For the production of multiple capillary 
emboli in the brains of rats, intracarotid injections of 
liquid paraffin were at first attempted. Technically, 
however, this proved almost impossible because the 
paraffin was too viscous for the very fine needles which 
had to be used; and, in any case, even when a drop was 
successfully delivered it caused a fairly massive infarction. 
Accordingly, use was made of ordinary pharmaceutical 
cod-liver oil previously tested for sterility. This was 
sufficiently fluid to be injected fairly easily, and by a very 
simple technique it was found possible to introduce it in 
very small droplets. This technique is to support the 
exposed carotid artery, elevated out of the wound, on the 
opened prongs of a small curved Spencer Wells forceps so 
supported on a pad of cotton wool that the distal prong 
compresses the wall of the vessel slightly, thus causing the 
portion behind to become greatly engorged. In this way 
it is easy to pass the fine 27-gauge needle right into the 
lumen. Using a fine tuberculin syringe, very gently, 
screw-wise pressure is applied so that a minute globule of 
the emulsion exudes from the end of the needle. This, 
being of opaque white colour, is readily seen through the 
thin translucent wall of the vessel. Then, without any 
further delivery of the minute bead of emulsion from the 
‘syringe, the distal prong of the forceps is depressed 
slightly to relieve the engorgement of the lumen of the 
vessel. The sudden surge of blood through the artery 


. whips away the partially formed droplet, which is seen to 


break up into even finer particles as it is swept away. It 
is surprising how, after practice, not only the amount of 
emulsion injected but even the size of the embolic droplets 
can be controlled. By injecting such minute globules with 
the instruments in situ over a period of ten to fifteen 
minutes, numerous lesions can be produced though the 
total dose may not exceed 0-1 ml. 

The lesions produced are almost always in the homo- 
lateral hemisphere only, though occasionally a few small 
oil emboli are found in the opposite side and usually in the 
field of distribution of the anterior cerebral artery. 

Following the injection, the carotid artery has to be 
ligated above and below, or otherwise there is always a 
brisk hemorrhage from the needle hole in its wall. It is 
not so much that this hemorrhage is likely to prove fatal 
—it is surprising how much hemorrhage the rat can stand 
—but that it introduces an uncontrollable variable. It has 
been found by using a series of control animals that 


simple unilateral ligation of the carotid in the rat does not 
in itself produce lesions, there being an obviously 
adequate collateral circulation through the circle of 
Willis in this animal. And it may well be that the reduc- 
tion of blood flow which results from ligation helps the 
experiment by minimizing the chances of dislodgment of 
the oil emboli once they are in situ. 


By this technique 150 rats have been embolized. 
Some do, of course, develop gross infarctions which 
may kill either within an hour or two or after about 
a week’s interval, during which the animals manifest 
complete hemiplegia and often necrosis of the globe 
of the eye. On the other hand others (about 40 
per cent.) escape detectable lesions altogether. But 
out of the 150 there were twenty-one “ positive ” 
cases showing multiple capillary blockages only. 
These milder cases may die at any time in the first 
few weeks, though most had the disease confirmed 
histologically when representative groups were 
sacrificed on the twentieth and fortieth days 
respectively. 

Since the purpose of the present paper is merely 
to give information about these lesions for com- 
parison with the cyanide lesions, we need not enter 
into detailed description of the histological findings. 
The accompanying photomicrographs show repre- 
sentative lesions of different ages to illustrate the 
evolution of the process. One-day and nine-day 
lesions are illustrated in Figs. 17 and 18 respectively. 
These lesions are manifestly necrotic. Microglial 
reaction is quick and often intense ; and fat granule 
cells appear in a few days (as early as four or five) 
and are always abundant. Normally by twenty 
days the small infarcts have undergone shrinkage 
and the microglial reaction is beginning to subside, 
to be replaced by a reactive gliosis accompanied by 
mesodermal scar formation. Numerous macro- 
phages laden with iron pigment are usually a marked 
feature by this time. Some larger lesions may even 
show liquefaction and cyst formation (Fig. 19). By 
forty days the smallest lesion has become reduced 
to a minute glial and mesodermal scar, easily over- 
looked and ill-demarcated and not at all like any 
plaque of disseminated sclerosis “‘ découpée comme 
a l’emporte-piéce.”’ 

These lesions, at these various stages, are widely 
scattered throughout the hemisphere, the cornu 
Ammonis and the deeper lamine of the cerebral 
cortex being the most frequent sites. In no single 
instance has any lesion at all resembling the cyanide 
lesion resulted. 


Note on Experimental Cerebral Thrombosis 
in Rats 


By the injection of quinine and urethane solution 
in like manner into the carotid artery of rats, it was 
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found possible in a small proportion of animals to 
produce minute scattered softenings. 

Fig. 20 shows such a lesion, eight days old. It 
shows a thin linear softening in the mesencephalon, 
with fenestration of the tissue and a frank fat- 
granule cell reaction. There is complete necrosis 
of fibres and sheaths in the affected area, and the 
lesion is very similar to the embolic softening which 
was seen in Fig. 18, a lesion of about the same age 
and extent. By this technique, despite the use of 
over a hundred animals, it has not been possible 
so far to produce more than five positive cases of 
the type wanted with multiple small discrete lesions 
older than ten days. In all these five, however, the 
softenings are strictly comparable with those in the 
series with experimental oil embolism. But there 
was one striking difference. Whereas in the embolic 
cases the lesions were in the cerebral cortex, the 
cornu Ammonis, and hippocampus, the thrombotic 
lesions were without exception mesencephalic. The 
reason for this is still under investigation but it 
probably depends upon the different capillary 
angio-architecture in the mid-brain and the cerebrum. 

In these thrombotic lesions the persistent thrombi 
are easily found in the small central or marginal 
vessels (Fig. 20). The lesions are typical small 
infarcts with ragged edges and showing complete 
necrosis of all the tissue elements. Nothing in the 
nature of the lesions in the cyanide cases has 
occurred in this experimental thrombosis series, 
any more than in the experimental embolism series. 


Note on Experimental Carbon Monoxide 
Poisoning in Rats 


Thirty-one rats were exposed daily in a coal-gas 
chamber for thirty to sixty seconds in a high 
concentration of CO producing complete uncon- 
sciousness lasting for ten minutes or longer, usually 
with epileptiform convulsions, and succeeded by a 
prolonged period of carboxy-hemoglobinemia. 
This was carried out for three-week periods, with 
seven to ten day intervals between each period, for 
as long as three months in many of the animals. 
Only in three rats were lesions produced. These 
were all of the nature of multiple tiny foci of micro- 
glial reaction in relation to degenerating perikarya, 
and they occurred in the cerebral cortex, caudate 
nucleus, cerebellum, and occasionally the cord. 

Nothing was seen at all resembling the diffuse 
lesion of the central white matter which sometimes 
occurs in man (Eros and Priestman, 1942) and 
which can be reproduced in monkeys. It was in 
fact chiefly to see whether this diffuse CO lesion 
could be produced in rats and, if so, whether it 
resembled the cyanide lesion, that the present 
experiment was carried out. 


Discussion 


It has been seen that in sixteen cases with positive 
cyanide lesions there was a remarkable uniformity— 
indeed identity—in the lesions from case to case. 
Invariably the lesions were symmetrical and occupied 
the central white matter of the cerebrum, being 
limited entirely to this region and not involving the 
mid-brain, cerebellum, or cord. They did not 
involve the grey matter, though the parent neurones 
of the damaged commissural fibres might show 
secondary degenerative features. Certainly there 
were no multiple focal lesions such as the asphyxial 
lesions of carbon monoxide poisoning in these 
animals and the frankly thrombotic and embolic 
lesions experimentally produced. Furthermore, it 
is notable that the sites of election of all these other 
experimental lesions in the rat were elsewhere than 
in the central white matter. 

Histological examination failed to reveal any 
evidence of thrombosis in the brains of the cyanide 
intoxicated series and the blood vessel walls showed 
no visible evidence of damage. Nor was there any 
appreciable cedema: where there was some fenes- 
tration of the tissue at the margins of the lesions, 
frozen sections stained with Sudan usually revealed 
this to be due to fat. 

It may be argued that the small number of three 
cases with histological lesions which were produced 
in the CO intoxication series are scarcely adequate 
for comparison with the cyanide lesions. But, in 
fact, it is fairer to take into account that, of the 
thirty-one animals exposed to the severe, prolonged, 
and repeated CO asphyxia, none developed lesions 
resembling the cyanide lesions, whereas, of 150 
animals exposed to chronic cyanide poisoning, none 
developed the focal asphyxial lesions of CO poison- 
ing. It would seem, therefore, that in the produc- 
tion of the cyanide lesion some mechanism is at 
work other than asphyxia operating directly upon 
the neurone. And, vice versa, if in chronic CO 
poisoning there is a “ toxin” operating directly 
upon the neurone, it acts mainly upon the nerve 
cell nucleus and not upon the axis cylinder or its 
sheath or sheath cells. 


As to whether the mechanism of production of 
the cyanide lesion may be an indirect one acting 
through the medium of vascular occlusion, we have 
shown that it is at least not one of thrombosis. We 
cannot, of course, rule out on histological examina- 
tion the possibility of a regional vascular occlusion 
caused by vasospasm; but this suggestion seems 
to me an improbable explanation for the cyanide 
lesion. Villaret and Cachera (1939) have demon- 


strated convincingly by direct observation how such’ 
spasm of the small vessels (at least the cortical ones) 
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can occur, but it was precisely by microembolization 
that they were able to induce this spasm. It is 
probable, too, that asphyxia alone (Penfield, 1933) 
will cause spasm of these small cerebral vessels. 
Furthermore, one of the most potent spasmodic 
agencies is the intracarotid injection of quinine and 
urethane, for we have frequently seen powerful 
spasm in the carotid artery itself on injection of the 
quinine and urethane solution used in the experi- 
mental thrombosis series. It seems legitimate to 
expect, therefore, that by microembolization, intra- 
arterial coagulants, or even by CO asphyxia alone, 
we might be able to reproduce at least one lesion 
of the “‘cyanide” type were spasm to be the 
mechanism which initiates the cyanide lesion. 

To digress for a moment, it is fully appreciated 
that, apart from producing ischemic necrosis in the 
territory of supply, blockage of the small vessels 
leads to considerable increase in the permeability 
of the walls of the vessels proximal to the obstruc- 
tion. This has been very neatly demonstrated by 
Broman in a recent series of communications. He 
has employed the technique of following up the 
experimental embolization with the injection of a 
solution of trypan blue which, in such cases, he has 
found may penetrate the vessel walls for some 
considerable distance proximal to the obstruction. 
This increased permeability, he maintains, is due 
to atonic dilatation. By direct observation he has 
shown that as a result of the temporary capillary 
occlusion and consequent impairment of nutrition 
of the capillary wall there may follow a period of 
several hours during which increased mural per- 
meability persists. Temporary arrest of the capil- 
lary circulation from spasm, or atony, or toxic 
damage to capillary walls, or from occlusion 
caused by particles of conglutinated blood cells, 
can therefore well explain, for instance, the 
“multiple acute softenings’’ in man which may 
follow a multitude of toxic and asphyxial conditions 
like CO poisoning, arsenical encephalopathy, 
uremia, serum encephalitis, and bacterial intoxica- 
tions like dysentery (an example upon which Spiel- 
meyer himself was wont to dwell), without its being 
necessary to have recourse to Putnam’s hypothetical 
evanescent thrombi. In the same way this cedema, 
the mechanism of whose production Broman’s work 
does much to elucidate, can damage the surrounding 


parenchyma and in some instances act in a remark- 


ably selective way upon the more vulnerable 
myelin sheaths and oligodendrocytes (Greenfield, 
1938). It is not Putnam’s problem of evanescent 
thrombi, but this very real probability that vascular 
Stasis will in itself produce necrotic lesions, partial 
(demyelinating) as well as complete, of the paren- 
chyma without primary thrombosis which is the very 


kernel of the “* vascular problem” in the spontaneous 
demyelinating diseases. 

There is not space here to discuss at length either 
the relationship of the ‘‘ multiple acute softenings ” 
(Hassin’s term) occurring in toxic conditions, or 
the lesions of multiple cerebral phlebothrombosis, 
with the true demyelinating diseases of man. 
Undoubtedly there occur occasional lesions of 
vascular origin—infective, toxic, thrombotic, or 
embolic in nature—which mimic disseminated 
sclerosis by reason of the subtotal necrosis of the 
parenchyma round the vessels, the more vulnerable 
myelin sheaths and associated oligodendroglia 
showing a slightly greater degree of damage than 
the more resistant perikarya and axones. For the 
most part, however, this apparent demyelination is 
spurious, due to the fact that a myelin stain will not 
distinguish between truly selective demyelination 
and necrosis of the whole axone. Up to a point, 
certain physical agencies like pressure due to 
tumours or to traumatic oedema (Greenfield, 1938) 
will act differentially by operating in that narrow 
margin between the thresholds of physical vulner- 
ability of the sheath and of the axone. But in such 
conditions the apparent integrity of the axone is 
short-lived, and it is not possible for the demyelina- 
tion to progress and extend as it does in a plaque of 
disseminated sclerosis while the axis cylinder remains 
structurally and, to a considerable extent, probably 
functionally intact. 

Returning now to the interpretation of the 
experimental cyanide lesion in the rat, it has, then, 
peculiarities which distinguish it from vascular, 
asphyxial, and other toxic conditions in this animal 
and from the similar lesions which occur in the 
human brain. Perhaps its closest analogue in 
human pathology is the Marchiafava-Bignami 
disease, the curious degeneration of the corpus 
callosum caused by alimentary intoxication 
from excessive and persistent use of Italian 
claret wine. 

Whether this gives us a link with Schilder’s 
disease remains to be examined. Recently there 
has been a greater tendency than ever to assume 
that the classical form of Schilder’s disease and the 
familial leucodystrophies of the Krabbe, Scholz 
and Ferraro types are all the same disease process 
and that, by inference, Schilder’s disease is an 
inborn error of myelin metabolism. For this 
reason the old insistence on the distinction of 
**exogenous”’ and ‘“‘ endogenous” forms (Biel- 
schowsky and Henneberg, 1928) has regrettably been 
dropped. This is a problem with which it is 
intended to deal in a separate study. But for the 
moment it is worth while calling attention to a case 
of Schilder’s disease, reported by Jervis and Kind- 
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wall (1942), apparently caused by chronic ergota- 
mine poisoning ; and to Verhaart’s report (1941) 
on chronic lead poisoning as a cause of diffuse 
sclerosis in infants. So it may be that we shall 
have to return to the search for possible exogenous 
toxins in Schilder’s disease. In this respect De- 
chaume and Chambon (1947) have recently drawn 
attention to the possibility of intoxication with 
cyanides themselves, occurring in man as a result 
of the consumption of bread made from flour 
reinforced with meal from the bean Phaseolus 
lunatus, which contains a large percentage of 
cyanogenic glucosides. 

Since all the evidence assembled here is contrary 
to a simple vascular or simple asphyxial hypothesis, 
how are we to seek to explain the experimental 
cyanide lesion? In cyanides, we are undoubtedly 
dealing with toxins which have a special affinity for 
the central white matter of the brain. Cyanides 
are potent enzyme poisons, and it has, of course, 
been suggested by several authors that the occurrence 
of this curious lesion in the white matter of the 
mammalian brain is evidence of the existence of an 
enzyme mechanism there, presumably resident in 
the myelin sheath. The extreme susceptibility of 
the oligodendroglia to autolytic enzymes suggests, 
further, that the cyanide may operate on the myelin 
sheath by damaging this cell, and that in fact it is 
the oligodendrocyte which is the metabolic centre 
of the myelin unit. But in employing this hypo- 
thesis we have to remember that such an enzyme 
system is not the only one, either in the brain or 
elsewhere in the body, to which cyanides are poisons. 
It is the special susceptibility of this hypothetical 
enzyme system which presents the real problem, 
and the fact that the lesion produced by poisoning 
of this system should be a single symmetrical focus 
limited to the central white matter of the cerebrum 
and not affecting the brain stem, cerebellum, or 
cord. During the phase of acute intoxication with 
the cyanides it is to be presumed, surely, that 
several different cellular enzyme systems throughout 
the various organs of the body are functionally 
disturbed ; but, short of somatic death, this dis- 
turbance is completely reversible. It would be the 
special and peculiar quality, therefore, of the myelin 
enzyme system in certain susceptible regions of the 
brain to be irreversibly damaged. 

But if this were the whole story we would expect 
a series of lesions of different ages each dating to 
one or other specific episode of acute intoxication, 
As it is we have the curious feature, to which Weston 
Hurst first drew attention, that when this lesion 
develops it does so suddenly, and progresses 
uniformly to death. It may be, therefore, that the 
demyelination is a secondary phenomenon, sui 


generis ; that the toxic or lytic agent which ultim- 
ately does the damage to the white substance is not 
the cyanide itself but one derived and spreading 
from a central focus within the white matter. 

If such were the case we should have indeed in 
this cyanide lesion a direct demonstration of the 
truth of Marburg’s original hypothesis (1906) that 
the demyelinating diseases are primarily caused by 
the liberation, within the brain substance itself, of a 
myelinolytic ferment. And we should have an 
explanation as to why the search for myelinolytic 
ferments in the blood and in the cerebrospinal fluid 
have been so singularly disappointing. If we are 
to continue our search for myelinolytic ferments in 
demyelinating disease we must therefore re-orientate 
our approach and our methods. 


Summary 


1. A structurally constant and symmetrical 
lesion of the central white matter of the cerebrum 
has been produced in the rat by chronic KCN 
intoxication. 


2. ‘* Multiple acute softenings” have been 
experimentally produced, also in the rat, by micro- 
embolization, by the intra-carotid injection of 
coagulants, and by chronic CO intoxication. 

None of the lesions so produced resembles the 
cyanide lesion; nor do these techniques produce 
lesions in any way reminiscent of disseminated 
sclerosis in man. 


3. The vascular and ferment hypotheses of 
spontaneous demyelinating disease are discussed, 
and also the bearing upon these of the experimental 
cyanide lesion. 


4. It is concluded that the degeneration of the 
white matter, once initiated by the cyanide, proceeds 
sui generis. The significance of this for the ferment 
hypothesis of spontaneous demyelinating disease is 
discussed. 


I am indebted to Mr. N. Mowat, A.I.M.L.T., of the 
Department of Pathology of the University of Aberdeen, 
for the photography. 
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POSITIVE AND NEGATIVE ASPECTS OF HYPOTHALAMIC 
DISORDERS* 

BY 

B. BROUWER*+ 


Amsterdam 


In recent years I have collected with my co- 
workers at Amsterdam fifteen cases of hypothalamic 
disorders, which have been studied clinically and 
anatomically. Serial sections were made through 
the optic thalamus and the neighbouring parts of 
the brain and stained by various methods. The idea 
was to compare the results of experimental physio- 
logy with the clinico-pathological findings, especially 
with regard to the localization of syndromes in the 
hypothalamus. 

The cases were all chronic. I have also studied 
clinically many acute cases, but such patients do not 
die when the lesions are small, and by the time 
they die the damage is usually so large that observa- 
tions made on them do not lend themselves to 
scientific deductions. 

It is a notable fact that in man lesions of the 





* Lecture delivered at the University of Manchester on March 8, 
1949. 


+ It was with great regret that we learned of Professor Brouwer’s 
death not long after we received this paper for publication.—eD. 
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Fic. 1.—Supra-optical nucleus: (a) normal; 


(b) degenerated in diabetes insipidus. 
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hypothalamus may be found without such clinical 
sequels as follow experimental lesions. Other 
authors, such as, for example, Riddoch, in England 
(1938), have already stressed this point. Thus there 
are positive and negative aspects in hypothalamic 
lesions (Brouwer, 1947), a fact that requires 
explanation. 

In comparing some of our findings with the 
experimental data, I shall use in descriptions of the 
various nuclei the nomenclature of Le Gros Clark 
(1938). 


Diabetes Insipidus 


Much work has been done on this syndrome in 
experimental physiology. From the experiments of 
Broers (1932) in Holland and from those of Fisher 
and others (1938) in Chicago, we know that poly- 
uria and polydipsia appear in dogs, cats, and 
monkeys after bilateral destruction of the supra- 
optic nuclei. Stimulation of these nuclei, as done by 





(Nissl preparation.) 
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Hess (1948) in Zurich, and experimental irritation of 
the fibres connecting these nuclei with the neuro- 
hypophysis, as by Harris (1948) in Cambridge, 
causes a reduction of urinary excretion. In our 
series of fifteen cases we have four showing 
typical diabetes insipidus. In one of these the 
quantity of urine passed in twenty-four hours was 
40 litres. The patient was of course very thirsty. 
In the evening two big glass bowls filled with water 
were placed at the bedside: next morning these 
were filled with urine. Injections with pituitrin 
reduced the excretion considerably. At the post- 
mortem examination a chronic circumscribed 
encephalitis of the hypothalamus was found. The 
supra-optic nuclei had suffered severely (Fig. 1). 

This was also the case in the three other observa- 
tions of diabetes insipidus of our series. The second 
example was a carcinoma of the pineal body growing 
into the hypothalamus, and the third a localized 
chronic degeneration of various nuclei caused by a 
sarcoma of the cauda equina. In the fourth 
observation a tumour of the neurohypophysis and 
stalk extended into the hypothalamus. The supra- 
optic nuclei were intact in many of our cases in 
which no diabetes insipidus had been observed 
during life. But I have also seen two cases in which 
these nuclei were destroyed on both sides and yet 
no symptoms of polyuria and polydipsia had been 
present. On the other hand Roussy and others 
(1946) in France published two cases of polyuria 
and polydipsia in which no alterations in the 
hypophysis and the hypothalamus were found. 
We may conclude from these facts that the relations 
regarding this syndrome in man are more compli- 
cated than could be inferred from the experimental 
data. 


Glycosuria 


Hyperglycemia and glycosuria are frequently seen 
after puncture in the tuberal region of animals, and 
several authors assume that lesions of the para- 
ventricular nuclei are responsible for this syndrome. 
These symptoms disappear, however, after some 
days. This is true also in the acute phase of damage 
in man ; for example, in traumatic lesions of the base 
of the skull and brain, or in spontaneous hemor- 
rhages caused by an aneurysm of one of the basal 
arteries. Long (1940), who recently analysed the 
various experimental results, concluded that up to 
the present there is little evidence to suggest that the 
control of the blood glucose level is permanently 
altered by hypothalamic lesions. In my experience 
glycosuria in chronic hypothalamic affections is 
very rare. It is true that glycosuria is often found 
in acromegaly. Here, however, it is not caused by 
pressure on the hypothalamic nuclei, as is often 
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said, but by the excessive secretion of the diabeto- 
genic hormone. In our series only one case 
showed intermittent glycosuria. In this case there 
was a congenital malformation in the infundibular 
region and the tuber cinereum was composed 
almost exclusively of neuroglia. The shape of the 
paraventricular nuclei was altered and the number 
of cells was diminished. Several of our cases 





Fic. 2.—Paraventricular nucleus : (a) normal; (4) de- 
generated, without glycosuria. (Nissl preparation.) 


showed serious damage of the paraventricular 
nuclei although no glycosuria had been present 
(Fig. 2). 1 once observed severe diabetes mellitus 
in a man suffering from a tumour of the brain. 
The post-mortem examination showed that the 
hypothalamic region was destroyed by a glioma, 
but there were two diseases here not mutually 
connected, for the mother and one of the sisters of 
this patient were also diabetic. It was an example 
of the hereditary familial type of this disease. I 
know that some investigators described degenera- 
tions in the hypothalamic region in diabetes, but I 
must confess to being sceptical about the conception 
of a real extra-insular cerebral diabetes mellitus. 


Disturbances of Fat Metabolism and of the Genital 
Organs 


Experimental and clinical experience has shown 
that adiposity caused by a dysfunction of the hypo- 
physis is less intensive than in hypothalamic lesions. 
Adiposity was seen in five cases of our series, of 
which two showed the syndrome of dystrophia 
adiposo-genitalis of Babinski-Frohlich. In two 
observations sexual disorders were seen without 
adiposity or genital atrophy. Once I saw extreme 
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_ Marburg’s conception the pineal body has an 
inhibitory influence on the development of the 
» sexual organs. 
) not supported this theory. Krabbe (1912) held 
the opposite view, arguing that the pineal 
> tumours which give rise to the syndrome of 
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loss of fat with emaciation. In this case degenera- 
tion was seen in several nuclei of the hypothalamus, 
amongst others in the dorso-medial and ventro- 
medial hypothalamic nuclei, in the ventro-lateral 
nuclei, and in the anterior part of the nucleus 
hypothalamicus posterior. Insufficient is yet known 
about where in the tuber cinereum disturbances of 
fat metabolism originate. Brobeck (1946) recently 
summarized our knowledge in this respect and 
amongst others referred to the work of Hetherington. 
He found that in the rat adiposity may be evoked 
more easily by making lesions in the ventro-medial 
and ventro-lateral hypothalamic nuclei, but also by 
destruction of the posterior part of the hypothala- 
mus. Extensive lesions in the dorsal and the more oral 
areas did not cause such disturbances. Bustamente 
(1942) produced atrophy of the genital organs in the 
rabbit without adiposity by lesions in the posterior 
part of the tuber. Destruction of the mamillary 
bodies did not give these results. 

From a study of the literature and from my 
personal experience it may be concluded that under 
special circumstances degeneration of the grey 
substance surrounding the infundibulum may evoke 
adiposity, or genital atrophy, or both together. 
It is striking that in two patients of our series 
the hypothalamus was seriously damaged but 
in fat metabolism or in the 
reproductive organs did not occur. 

The relationship between pubertas precox 
and the hypothalamus is of great interest. 
This syndrome is seen in tumours of the 


and in hypothalamic affections. According to 


Experimental physiology has 


pubertas precox are teratomas secreting 
of pineal tumours in young people are not 
accompanied by this syndrome. On the other 


hand an increasing number of descriptions 


somia are appearing in medical literature. The 
most striking example was that of Driggs and 
Spatz (1939), in which a hyperplastic mal- 
formation in the tuber cinereum was found. 

The syndrome of pubertas pracox was seen 
twice in our series. The first patient (Brouwer 
and Brummelkamp, 1948) was an epileptic who 
at the age of seven had to be shaved and had 
some growth of pubic hair. A year later his 
external sexual organs were much too large 
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for his age, and adiposity had developed. A 
circumscribed malformation of the tuber cinereum 
and hypoplastic mamillary bodies were found 
(Fig. 3). In the second case, the typical picture 
of pubertas precox developed at the age of 
ten. This boy showed homosexual tendencies. At 
the post-mortem examination an astrocytoma in the 
hypothalamus was found penetrating the medial 
part of the right neothalamus. Many cells in the 
tuber cinereum had been destroyed but the mamil- 
lary bodies were intact (de Lange, 1943). In both 
cases there was no tumour in the pineal gland, the 
adrenal glands, or the testes; hence they are ex- 
amples of the hypothalamic type of pubertas 
precox. These examples suggest that it is the 
tuber cinereum from which this syndrome originates. 


Rarer Signs of Chronic Hypothalamic Affections in 
Man 


I shall now turn to some of the rarer symptoms and 
signs of chronic hypothalamic affections in man, and 
shall also discuss the relations between mental dis- 
orders and the hypothalamus. The experiments of 
Karplus and Kreidl have shown that the hypothala- 





Fic. §.—Chronic encephalitis in the hypothalamus associated 


with hyperthermia. (Nissl preparation.) 
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mus exercises an influence on the movements of the 
bladder and the intestines. This was confirmed by 
Hess and Briigger (1943), among others, who induced 
in the cat excretion of urine, or defecation, or both 
together, by electrical stimulation with weak currents 
of this region of the brain. Ihave seen this symptom 
twice in hypothalamic lesions, once in a case of 
chronic encephalitis, and once in a circumscribed 
glioma (Fig. 4). In the latter involuntary micturi- 
tion was one of the first symptoms of this disease. 
We have to accept that the so-called ‘* centres ” for 
the movements of the bladder and the intestines are 
scattered over a considerable part of the hypo- 
thalamus. 

As clinicians we know that surgical manipulations 
on the walls of the third ventricle often cause hyper- 
thermia. The central regulation of body tempera- 
ture has been carefully analysed in experimental] 
physiology by many investigators, amongst others 
by Thauer (1939), Ranson (1940), and Beattie (1938). 
Disorders of this function are most pronounced in 
animals after large bilateral destruction of the 
hypothalamus, by which the descending pathways 
to the tegmentum and the lower parts of the central 
nervous system are destroyed. The existence of 
such descending tracts is shown by Beattie and 
others (1930). Disturbances in the central thermo- 
regulation in chronic conditions in man are rare. 
We have seen these, however, in a patient who had 
fever for a long period. Pathological changes in 
the internal organs such as could have explained 
this fever were not found either on clinical examina- 
tion or at post-mortem investigation. There was a 
chronic encephalitis which had not only altered the 
cells and fibres in the tuber cinereum (Fig. 5) and the 
mammillary bodies, but which extended to the grey 
substance of the walls of the third ventricle and 
reached the preoptic area. It is probable that the 
hyperthermia in this case was caused by irritation. 
-This patient also suffered from attacks of hyperhy- 
drosis on the left side of the body, while the encepha- 
litis was more extensive on the right side. Further- 
more he showed the typical left-sided facial tic 
of psychasthenic individuals. In a later stage 
of his illness these involuntary quick movements 
spread to his neck and arms. The experimental 
work of Hess (1948) has shown that by electrical 
stimulation of the hypothalamus contractions could 
be evoked in the muscles of the head, the trunk, and 
the extremities. Hess considers the hypothalamus 
to be an important area of co-ordination between 
the somatic and vegetative central nervous systems. 
Such reactions of the muscles as this patient showed 
may be the result of the influence which the hypo- 
thalamus exerts on the pallium. 

In one of our observations we have seen amblyopia 
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and concentric depression of the field of vision, 
like those found in hysterical individuals. One man 
showed in the retina of the left eye myopic changes 
which must have existed for long. The patient, how- 
ever, made no complaints about depressed vision 
until the last years before his entrance into the clinic. 
He often saw a cloud in front of his left eye. The 
vision on the right side was normal during the first 
month of observation, but gradually dropped to }, 
and the field of vision narrowed. Anatomical 
examination showed that encephalitis had spared 
the optic nerves, the chiasma, and the optic tracts. 
This observation gains significance in connexion 
with investigations recently made in Switzerland. 
Francechetti (1944), for example, concluded from his 
observations that concentric depression of the field 
of vision may be the consequence of a lesion in the 
diencephalic-mesencephalic region of the brain 
outside the optic pathways. He founded this 
opinion on the experimental results of Hess (1943), 
who induced diminution of vision by circumscribed 
lesions in the hypothalamus, in which the optic 
fibres were not affected. Hess believes that the 
hypothalamus has an indirect inductive influence on 
the power of the optic system by the hypothalamo- 
fugal fibres to the retina. 

Since von Economo wrote his famous paper about 
disorders of the sleep mechanism in acute encepha- 
litis, many articles have been published about the 
hypothalamus and centres for the organization of 
sleep. Hess evoked sleep in the cat by electrical 
stimulation of the hypothalamus, but several in- 
vestigators could not confirm this. From a personal 
communication from Professor Hess it seems that 
real sleep in these animals follows only after stimula- 
tion of the lowest part of the massa intermedia, about 
3 mm. lateral to the middle line. This area does not 
belong however to the real hypothalamus, but to the 
neothalamus. In our observations of chronic 
patients we have not seen severe attacks of sleep, 
and only twice have we observed slight disorders of 
sleep, one of which showed inversion of the sleep 
mechanism: the patient slept during the day and 
was awake and agitated at night. 

In the literature on experimental physiology there 
is a difference of opinion about the influence of the 
hypothalamus on the growth of young animals. 
Aschner (1929) has always insisted that by com- 
pression or damage of the hypothalamus in young 
animals dwarfism may be induced, but many others 
ascribe this to a lesion of the hypophysis. Most 
cases of nanism reported in the literature are caused 
by pure hypophyseal affections or by cranio- 
pharyngeomata in which this gland and the hypo- 
thalamus suffer together. An interesting form of 


dwarfism is the so-called progeria of Gilford, in 
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which the retardation of growth is combined with 
loss of all the hairs of the head, while the patients 
furthermore give the impression of being much older 
than their realage. _Manschot (1940) in Amsterdam 
found diminution of the number of eosinophil cells 
in the hypophysis in such a case. I have examined 
serial sections of the optic thalamus in a similar case 
and found only slight hydrocephalus, the nuclei in 
the hypothalamus being intact. However Goldstein 
(1928) and later Gagel (1936) published examples of 
nanism in tumours of the hypothalamus, while the 
hypophysis was intact. Once I have seen retarda- 
tion of growth in a young girl with toxic degeneration 
of several cell groups in the hypothalamus. Micro- 
scopic examination of the hypophysis did not show 
pathological alterations. 

Increase or acceleration of growth, such as follow 
injection of hypophyseal extracts, has not yet been 
found in experiments on the hypothalamus. In 
acromegaly an eosinophil adenoma of the hypo- 
physis is not always present. Carnot and his co- 
workers found a tumour of the left frontal lobe in 
such a case, while the hypophysis was micro- 
scopically intact. Cushing showed that acromegalic 
symptoms may occur in tumours of the brain of 
various localization, and that these symptoms 
disappear after removal of the tumour. It is 
suggested that they are caused by irritation of the 
cells in the hypothalamus in consequence of the 
increased amount of cerebrospinal fluid in the third 
ventricle. Several examples of encephalitis of this 
region with acromegalic symptoms have been pub- 
lished. My personal experience has taught me to 
be very cautious in this matter. In 1919 I sawa 
young woman suffering from acute encephalitis of 
von Economo. After some time two neurological 
diseases developed : typical Parkinsonism, and also 
acromegaly. It seemed to be an example of the 
cerebral form of this last disease, but twenty-one 
years later post-mortem examination revealed an 
ordinary eosinophil adenoma of the hypophysis ; 
in the brain I found degeneration of various cell 
groups in the substantia nigra and in the striate 
bodies, but the hypothalamus was normal. On the 
other hand I have once seen an acromegalic woman 
for whom I ordered radiotherapy. Many years 
later | examined the brain ; there was no adenoma, 
but an aneurysm of one of the basal arteries, pressing 
on the hypothalamus (Fig. 6). 


Relation between Mental Disorders and the Pathology 
of the Hypothalamus 


The experiments of Bard stimulated clinicians to 
analyse the emotional states of their patients. Bard 
evoked “‘sham rage” and other emotional dis- 
turbances in cats after extirpation of the telen- 
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cephalon, the striate bodies, and the anterior part of 
the: hypothalamus. These symptoms disappeared 
after removal of the caudal part of this region of the 
brain. In 1932 I saw several of these animals at 
Boston, and they made a great impression on me. 
For a survey of the mental disorders caused by 
affections of the hypothalamus, reference should be 
made to the recent publications of Alpers (1940) 
and Lhermitte and others (1942). In our series six 
cases showed severe mental disturbances; four 
belonged to the syndrome of Korsakoff with 
disorientation in space, time, and _ personality, 
difficulty in memorizing, and confabulation (Figs. 
7 and 8). Our material is not unfavourable to 
Gamper’s (1928) concept, that disease of the 
mammillary bodies and their surroundings has 
something to do with this syndrome. There 
is, however, no conclusive evidence, because this 
syndrome is also frequently seen in other patho- 
logical localizations in the brain. The mammillary 
bodies are association-centres and are connected 
with many other parts of the brain; hence it is 
probable that they form an important point of 
junction in the cerebral chain reflexes, which underlie 
psychical functions. 


Conclusions 


Finally I must compare the effects of chronic 
hypothalamic affections in man with experimental 
results. Our material illustrates the great variety in 
the clinical picture. These variabilities are caused 
(a) by differences in the localization and extent 
of the pathological process, (b) by their nature and 
the tempo of their development, and (c) by the age 
of the patient. Accompanying disturbances in the 
brain outside the hypothalamus may also play a role. 

Clinico-anatomical observations seldom offer 
opportunities to connect functional disturbances with 
the damage of special hypothalamic nuclei. Hence 
the task of the clinician regarding the problem of 
functional localization is more difficult than that of 
the physiologist. Clinical observations may, how- 
ever, increase our insight into these relations pro- 
vided that they are carefully controlled by micro- 
scopical investigation. In comparing experimental 
results with those of clinico-pathology one has to 
realize that the functional disorders that occur after 
experiments on animals are caused by acute lesions, 
in which the chains of neurones are suddenly 
interrupted. Our observations in man, however, 
were on cases in which the pathological process 
developed slowly from the onset, so that compensa- 
tion by other parts of the central nervous system 
might take place. Today the best experimentally 


analysed syndrome is diabetes insipidus, but we have 
seen that in man bilateral destruction of the supra- 
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Fic. 6.—Aneurysm of the left internal carotid 
artery causing acromegaly. 


Fic. 7.—Circumscribed glioma in the hypo- 
thalamus associated with Korsakoff’s 
syndrome without endocrinal symptoms. 


Fic. 8.—Tumour in the hypothalamus associ- 
ated with Korsakoff’s syndrome. (Staining 
after Weigert-Pal.) 
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optic nuclei does not always cause polyuria and 
polydipsia. 

I believe that the dorso-medial, ventro-medial, and 
lateral nuclei of the tuber exert an important influ- 
ence on vegetative functions, but up till now it is not 
proved that the different types of disordered meta- 
bolism correspond with lesions of distinct “* centres.”’ 
Hess (1948), whose method of electrical stimulation 
with very weak currents gives the most accurate 
results, also came to the conclusion that there is some 
localization of function in the hypothalamus but 
that it is not limited to circumscribed “ centres.” 

In order to explain the contradiction between the 
acute experimental and the chronic clinical facts 
in the central vegetative nervous system one has to 
consider the relations in the somatic nervous system 
where we meet the same difficulty. An acute lesion 
in man, for example, causes severe disturbances in 
motility or in sensibility which for the most part after 
a time gradually disappear. The theory of dia- 
schisis of von Monakow (1905; 1914) which 
deepened our insight into cerebral localization of 
function, has to be applied also to the hypothalamus. 
Von Monakow pointed out that the various neurones 
are intimately connected : if one part suddenly drops 
out, this results in a functional reaction in all the 
parts of the brain linked up with the damaged area. 
But this reaction disappears after some weeks and 
only the remaining symptoms have value for 
localization. Many facts shown by modern neuro- 
surgery favour this conception. Foerster (1936), for 
example, showed that whereas excision of small parts 
of the anterior central gyrus in man causes total 
paralysis of the corresponding extremity, motility 
recovers very soon. Removal of circumscribed 
parts of the posterior central gyrus evokes loss of 
cutaneous and deep sensibility in the corresponding 
part of the body, but again recovery takes place, and 
after some time the usual methods of clinical 
examination fail to show any diminution of sensory 
function. Seen in this light, the results of the 
experimental method and of clinical pathology do 
not contradict each other. They only prove that 
there is a refinement in the functional localization 
in the brain, and not least in the vegetative central 
nervous system. Economic reasons incite nature 
to follow frequently used pathways. For the 
security of vital functions, many fuses are placed in 
the central nervous system. If one of these breaks 
down, others redouble their activity. 

At the present day, scientific investigation is 
focused on the hypothalamus, but vegetative 
functions are also represented in other parts of the 
brain, for example in the cerebral cortex, although 
here they are spread more widely. The different 
negative cases in hypothalamic affections point 


clearly in the direction of this functional luxury. 
Positive and negative aspects have therefore to be 
studied with equal care. 
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DISTURBANCE OF NUMBER-FORM IN A CASE OF BRAIN INJURY 
BY 
J. M. K. SPALDING and O. L. ZANGWILL 


From the Department of Neurology, Radcliffe Infirmary, Oxford, and the Institute 
of Experimental Psychology, University of Oxford 


Attention was first drawn to individual peculiari- 
ties in visualizing numbers by Sir Francis Galton 
(1880) in the course of his classical studies of mental 
imagery. Galton pointed out that among persons 
who visualize numbers clearly there are many who 
notice that the image of the same figure invariably 
makes its appearance in the mental field in the same 
direction and at the same distance. When such an 
individual thinks of the series of numbers, 1, 2, 3, 4, 
etc., “*. .. they show themselves in a definite pattern 
that always occupies an identical position in his field 
of view with respect to the direction in which he is 
looking.” (Galton, 1883). This visualized pattern, 
to which Galton gave the name of “* number-form,”’ 
is by no means the same in different individuals and 
may assume a surprising variety of shapes. These 
are well illustrated in Galton’s original monograph 
(1883). The form may consist of a mere line of any 
shape, or of a peculiarly arranged row or rows of 
figures. Often its various parts lie in different planes 
and occasionally the form is coloured. Galton 
estimated that this peculiarity is found in about | in 
30 adult males or 15 females but detailed statistical 
inquiry was not undertaken. 

It appears from Galton’s investigation that 
number-forms, although differing widely in shape 
and distinctness from person to person, have certain 
characteristics in common. In the first place, they 
undoubtedly originate at an early age but may be 
further elaborated during youth. In the second 
place, they come into view automatically, i.e. 
independently of the will, whenever a numeral is 
thought of. And in the third place, each numeral 
has its own fixed place in the schema which remains 
more or less invariable for any given individual. 
On the other hand, number-forms vary greatly in 
their modes of appearance. In some cases “*. . . the 
mental eye has to travel along the faintly marked 
and blank paths of a form to the place where the 
numeral that is wanted is known to reside, and then 
the figure starts into sight.” (Galton, 1883.) In 
other cases, however, “‘*. . . all the numerals, as far 
as 100 or more, are faintly seen at once, but the 
figure that is wanted grows more vivid than its 
neighbours.” (Joc. cit.) Various other individual 


differences in the size, shape, and mode of appear- 
ance of number-forms emerge clearly from Galton’s 
protocols. 

Galton was in no doubt that the forms were of 
genuine service to their possessors, at least in rela- 
tively simple arithmetical operations. Indeed his 
attention was first drawn to the topic by a prominent 
lawyer, himself the possessor of a number-form, 


whose powers of mental arithmetic were out- . 


standing. But this subject stated that he made use 
o1 the form only in dealing with relatively easy 
mental arithmetic and it was liable to disappear 
when he was engaged in more exacting computa- 
tions, e.g. mental multiplication of very large 
numbers. It must be added that there appears to be 
no regular correlation between ownership of a 
number-form and the level of proficiency in mental 
arithmetic which the individual attains. 

The possibility that number-forms may be 
deranged or abolished as a result of cerebral injury 
or disease appears to have attracted little or no 
attention. Nevertheless, in view of the fact that 
visual memory may be markedly impaired by 
cerebral lesions, it is a possibility which appears to 
us to deserve consideration. In particular, it might 
be expected that the disorders of visual-spatial 
cognition not uncommonly associated with occipito- 
parietal lesions of either hemisphere might well 
involve the number-form in individuals in which 
this peculiarity was at all highly developed. If this 
should occur, one might expect an impairment of 
calculation secondary to the number-form distur- 
bance, and this disability might differ in important 
respects from the typical verbal-symbolic dyscal- 
culias. We are therefore describing a case of pene- 
trating brain-injury in which a disturbance of this 
character was evident. The patient reported marked 
difficulties in the evocation of his number-form 
together with certain changes in its habitual appear- 
ance. These features led to its virtual loss of use- 
fulness in calculation. The defect was associated with 
some degree of visual-spatial agnosia and a marked 
impairment of visual memory in general. So far as 
we have been able to ascertain, no precisely similar 
case has hitherto been reported in the literature. 
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Case History 


(Case No. 10244) A. L., a right-handed man, had been 
a plasterer, and had been reasonably successful in all 
subjects at school. 

He was wounded in October, 1944, at the age of 24 
years, a metallic foreign body entering the left parieto- 
occipital region and crossing the mid-line to come to rest 
4 in. above the right petrous temporal bone (Fig. 1a and 
1b). Two hours later he was extremely restless and was 
thought to be unconscious. His pupils were widely 
dilated and did not react to light, but all limbs moved 
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Fic la. and 16.—Tracings from radiographs taken after debridement. 
The estimated positions of neighbouring anatomical areas are shown 
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well ; he responded to pin-prick everywhere and reflexes 
were normal. Thirty hours after injury the wound was 
debrided. Nine days after injury, when the patient was 
admitted to a military hospital for head injuries, he was 
still restless, fought when an attempt was made to 
examine him, and tried to masturbate when left alone. 
The pupils were dilated but reacted to light and there was a 
slight right facial weakness. No other abnormal physical 
signs were found, but his vision could not be tested. 
He showed marked perseveration of speech, but carried 
out, though imperfectly, simple commands such as, 
*““Open your eyes”. He gradually improved, and 29 
days after injury was quiet and cooperative, but was 
grossly disorientated and used a lot of jargon. He had a 
severe nominal dysphasia, a coi plete dyslexia, and ° 
perseverated in words and actions. However, compre- 
hension of speech was quite good, and he could demon- 
strate the purpose for which objects were used. 

Two months after injury, when it was first possible to 
determine his visual fields, he was found to have an almost 
complete right homonymous hemianopia. Seven months 
after injury he had improved enough to make himself 
understood quite well, although he still had an expressive 
and receptive dysphasia with considerable dyslexia and 
dyscalculia. At this time he was first noticed to have a 
defect in spatial perception and to lose himself easily. 

He returned to his home, and there had little difficulty 
in speaking and was little inconvenienced by his visual 
field defect, but when he first returned to a large town 
near his home he almost lost his way and was so distressed 
by this experience that he avoided revisiting the town for 
the next four years. 

During that time he had eight epileptic fits. Before the 
first of these he had an organized hallucination of 
scenery in his right half field, and this reminded him that 
while in hospital he occasionally ‘* saw 
things twice” in the right half field. 
For instance, immediately after passing 
through a doorway the image of the 
right door jamb would return for a few 
seconds. At home he lacked his former 
confidence, did not indulge in the 
pleasures he had enjoyed before his 
injury, and never took any work. 

In July, 1949, nearly five years after 
injury, the patient was re-admitted for 
review. His chief complaint was that he 
was afraid of losing himself, and to this 
he attributed his loss of confidence. On 
examination there was a right homony- 
mous field defect, more evident in ‘the 
lower than in the upper quadrants (Fig. 
2). Within the limits of his vision he 
could appreciate distance well in the 
affected field. There was no dystereog- 
nosis, no finger agnosia, and no dyspraxia 
for dressing. 

On psychiatric interview he was co- 
operative but tense and lacking in con- 
fidence. He had a clear insight into his 
disabilities and thought they were more 
conspicuous to the observer than in fact 
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they were, and in consequence, he said, he avoided the 
company of people outside his family circle. 

His intelligence quotient on the Wechsler Bellevue 
scale was 88 (scatter 62-110), markedly his worst perfor- 
mance being in the digit test. He appeared to have 
suffered little or no intellectual impairment apart from 
the specific difficulties described. In particular, there was 
little or no defect of ‘‘ abstraction” in the sense of 
Goldstein. 

He had only a confused memory of events which he 
could not date during the four months he had spent in 
France and Belgium before he was wounded. He had a 


post-traumatic amnesia of at least nine days, possibly 


much more. 

He had slight disturbance of speech function, 
appearing mainly as some hesitancy in reading aloud 
and a few errors in writing and spelling. He read news- 
papers regularly and remembered what he read, but 
writing was an effort and he generally persuaded his 
father to write his letters. He had no difficulty in recog- 
nizing pictures or colours. 

His chief disability was a defect in visual memory, 
which presented as (1) an impairment of topographical 
sense, (2) a difficulty in copying and drawing from 
memory, and (3) an impairment of number-form 
associated with dyscalculia. 


Impairment of Topographical Sense.—The patient 


complained that he “‘ had not got a plan”’ of places he 
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knew well or that if he had a plan it was indistinct and 
did not correspond with the facts. When he first went 
home his village ‘** did not look right’, and though he 
had only a very vague “* plan ”’ of it, he seemed to “* have 
twisted it the wrong way round’’. He approached along 
the side road in which his home stands (Fig. 3) and found 
that his “ plan” of the village was twisted through two 
right angles relative to the points of the compass. This 
twisting, however, was not a constant feature, and he 
said that generally when walking in places which he had 
visited frequently, he did not know what was round the 
next corner and the scenery unfolded as though he were 
in country that was strange to him. He had no greater 
difficulty in appreciating landmarks on his right than 
his left. When he first returned home he had to ask the 
way to the lavatory, though he knew it “ was outside’, 
and the furniture at home “ looked different’, but he 
was quite unable to say in what way. He avoided all 
except the most familiar places, and even in his own street 
he had begun to enter the wrong house but had always 
recognized his error himself. He was reluctant to come 
into hospital because of the difficulty of learning the 
way about a strange building, and 13 days after admission 
he could not describe the way from the surgery to his 
ward, but could interpret correctly, though with difficulty 
and diffidence, a plan of the hospital. When given verbal 
directions he was unable to hold more than two changes 
in direction in mind, and was too slow to make the 
required turns mentally while the problem was being 
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Fic. 2.—Visual fields. 
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stated, though it was repeated several times. He was able 
to make two turns on a map correctly, but could not hold 
more in mind. 


8 > N 
A. MAIN ROAD 
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Fic. 3.—Plan of patient’s village, A. as it is; B. as he 
expected it to be. 
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Tests of Visual Memory.—The patient could copy 
simple geometric designs well but was probably a little 
impaired in his ability to copy more complex designs. 
Reproduction from immediate memory was grossly 












































Fic. 4.—A. Model; B. copy; C. reproduction from 
immediate memory. 


impaired (Fig. 4). Although his chief recreation had been 
bicycling he drew from memory a crude picture of a 
bicycle and omitted the pedals and chain until reminded 
(Fig. 5). He drew an adequate sketch map of England. 
Though he could recognize pictures correctly he could 
only recall three out of six from immediate memory. 
Match-stick mosaics were copied quickly and confi- 
dently with the model before him, but when reproducing 
from immediate memory he made as serious errors 
as in reproducing graphic designs from immediate 
memory. He was very slow in learning to correct his 
mistakes even when several demonstrations were given. 
When given the Wechsler Bellevue block design test 
his score was 20 (equivalent weighted score, 9). He had 
considerable difficulty in the more complex patterns with 























Fic. 5.—Bicycle drawn from memory. The patient 
omitted the pedals and chain until reminded. 


occasional perseveration of errors. He was unable to 
reproduce from immediate memory even the simple 
patterns which he could copy easily with the model before 
him. 

He could repeat correctly three times out of four 
numbers of five digits each, whether they were presented 
to him orally or in writing. He stated that to remember 
written numbers he had to say them to himself, and 
occasionally his lips could be seen forming the words. 


Impairment of Number-Form and Dyscalculia.—The 
patient complained that he could not do simple arith- 
metic as well as formerly, and the following are examples 
of his answers. 


Oral 
s. d. s. 2. a 
26 + 5 = 2 11 (2s. 11d.) 
3 6 — 11 = 2 2(2s. 7d.) 
3 1 + 11 = 4 0(4s. Od.) 
3 44+ 1 3 = 5 8 (4s. 7d.) 
Written 
i vf, oe - s. ad. 
3 0+ 1 3 = 5 1 (4s. 3d.) 
12-— 4 == 10 (10d.} 
26-— 1 8 = not known 
3 x 6 om 18 
7, & FB = not known 
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He was slow in calculating and when his answer was 
right he often thought it was not. 

He spontaneously said that he “‘ used to have a plan 
of numbers, but had lost it’’, or, more accurately, it was 
no longer distinct. He drew this plan of numbers as far 
as 12, and the remainder was drawn under his instruc- 
tions. A few days later he drew the complete plan 
himself. He was very hesitant and uncertain, but the 
two plans are similar, and from them and his comments 
on them the plan shown in Fig. 6 was constructed. It is 
evident that it represents a typical number-form of the 
type described by Galton (1883). He stated that this 
form was seen against a vague background which he 
thought might have been his old school playground. 
The bottom of it was on ground level a few yards from 
him and the form sloped away from him at an angle of 
about 40° to the horizontal. He saw all parts of the form 
simultaneously but the particular number he was 
seeking stood out with special distinctness. 

Before his injury he had also had “ forms ” for months, 
days of the week, and the alphabet. He could recall them 
now with difficulty (Fig. 7). The form for days he thought 
was derived from a calendar, but he insisted that it began 
with Monday. The alphabet form had been “a really 
good plan’’, which he had perhaps devised from the 
chart from which he had learned his letters at school. 
It had become very indistinct since his injury, and though 
he was sure of the general arrangement he was uncertain 
whether it consisted (Fig. 7c) of five lines of five or six 
letters each, or of six lines of four or five letters each. 
He had no form for historical dates, and no form other 
than that for numbers had a background. 

He could say the months, days of the week and letters 
of the alphabet correctly, but it was an undue effort to do 
so, and he had great difficulty in saying the days of the 
week backwards. He attributed these difficulties to the 
impairment of the respective forms. The forms had 
been with him as long as he could remember, and had 
remained unchanged until his injury. They were not 
associated with colours. 


Discussion 


It can hardly be doubted that the number-form 
described by this patient was a genuine phenomenon 


and that it had undergone significant deterioration - 


as a result of his brain injury. In its original form, 
it displayed many of the typical characteristics to 
which Galton (1880 ; 1883) drew attention. Not only 
does it actually resemble rather closely one of the 
forms reproduced by Galton (1883), but it shows 
several features commonly reported by those who 
visualize numerals in this way. Among these are the 
facts that it runs upward rather than downward and 
extends into the third dimension. It is also inter- 
esting that the change in direction at the 12 is a 
regular feature in the majority of number-forms 
(Galton, 1883). Visualization of the months of the 
year as lying in an oval or circular form is also 
common (Galton, 1883). In short, the “ forms ”’ 
of this patient are entirely characteristic. 
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Fic. 6.—* Plan of Numbers ”’ (number-form). 
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The changes undergone by his number-form as a 
result of brain injury are of two kinds : First, it has 
lost its former distinctness, and second, it can be 
held in mind with difficulty, if at all, for purposes of 
calculation. Its manifest loss of usefulness is clearly 
indicated by the patient’s own statement that it is 
now more hindrance than help. The actual signifi- 
cance of this disability in relation to the poor level 
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June , July 




















April Sept. 
Mar. Oct. 
A. 
Feb. Nov. 
Jan. Dec. 
uM ity |W th, F Sat Sen, 
B LM, Tu, W, Th, F Sat Sun, 
LMT WwW, Th, F Sat Sun, 
WA s B i C i D i E Jj 
‘. a G l H iL 1 1 T J 
C ee Se. B 
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Fic. 7.—Forms for A. months; B. days of the week ; 
C. alphabet. The patient was aware of an indefinite 
number of these lines one above another, the central 
one representing the week he was considering. 





of arithmetic, both oral and written, is not altogether 
easy to assess. Although the patient showed no loss 
of understanding of arithmetical principles, it is 
entirely possible that his residual dysphasia con- 
tributed in some measure to the low level of arith- 
metical performance. Nevertheless, we consider 
that there is good reason to suppose that the 
defective number-form grossly augmented the 
dyscalculia. In the first place, the patient’s perfor- 
mance on oral arithmetic was notably poorer than 
his performance on all other verbal but non- 
numerical tests of ability. In the second place, 
symptoms commonly associated with primary 
dyscalculia, e.g. dysgraphia, disorientation for right 
and left, and finger-agnosia, were little, if at all, in 
evidence five years after injury. The defect in 


calculation, on the other hand, remained extremely 
pronounced and was roughly proportional in 
severity to his visual memory defect. In the third 
place, the patient’s own admission that the loss of 
his number-form gravely impeded calculation 
deserves recognition. This handicap, we believe, was 
due partly to virtual loss of the number-form itself, 
putting the patient somewhat in the position of a 
normal person who is accustomed to use pencil and 
paper for simple arithmetic (to present himself with 
the sum visually) but is specifically prevented from 
doing so, and partly to the loss of confidence which 
this deprivation engendered. In this connexion, we 
have already commented on the diffidence and lack 
of confidence habitually displayed by the patient in 
regard to his visual and topographical disabilities. 
We may conclude, then, that although a primary 
defect in the sense of verbal-numerical dyscalculia 
cannot be excluded, the evidence indicates that a 
large part of the arithmetical disability is to be 
ascribed to impairment of the visual-spatial number- 
form and its virtual loss of usefulness in calculation. 

The probable site of the brain injury is indicated 
by Fig. 1. The point of entry, at which the most 
severe damage usually occurs, was probably just 
below the angular gyrus on the left side. The 
penetrating metal fragment must have damaged the 
upper edge of the left optic radiation and travelled 
downwards and forwards to pass below the right 
optic radiation leaving it undamaged. 


Summary 


The occurrence of number-forms (stereotyped 
modes of visualizing numerals) in a minority of 
normal individuals is described. 

A case is reported in which a previously well 
developed number-form was grossly impaired as a 
result of a left-sided occipito-parietal gunshot 
wound. This impairment led to its virtual loss of 
usefulness in calculation. The defect was associated 
with a generalized weakness of visual memory and 
some impairment of topographical sense. 

The significance of the number-form defect in 
relation to dyscalculia is considered. It is argued 
that although a primary verbal-numerical dyscal- 
culia cannot be excluded, the greater part of the 
patient’s arithmetical disabilities are to be ascribed 
to his defective number-form. 


We wish to thank Dr. W. Ritchie Russell for his 
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MEMORY STUDIES IN ELECTRIC CONVULSION THERAPY 


BY 


MOYRA WILLIAMS 


From the Research Department, Graylingwell Hospital, Chichester 


The disturbances of memory immediately follow- 
ing electric convulsion therapy (E.C.T.) have been the 
subject of many investigations (Zubin and Barrera, 
1941 ; Mayer-Gross, 1943; Liberson and Wilcox, 
1945 ; Kalinowsky and Hoch, 1947). Implicit, if not 
explicit, in the majority of these papers is the 
assumption that memory can be studied in isolation. 
Bartlett, however, (1932), long ago demonstrated 
that what a person remembers depends on many 
other factors within the fields of personality and 
mental activity, and Stone (1947 a and 5), studying 
the effect of E.C.T. on mental activity in general, 
found that memory was not the only mental func- 
tion to suffer temporary impairment from this form 
of treatment. Wittman and Russell (1942) also 
noted that mental efficiency and memory levels 
following other forms of shock therapy were directly 
correlated with changes in the patient’s general 
attitude, while much of the German literature 
stresses the presence of disturbances in other 
spheres of mental activity as well as that of memory 
in the Korsakoff states to which post-E.C.T. 
amnesias are allied. 

In view of these reports it seems desirable that 
some studies of the memory changes following 
E.C.T. should be combined with studies of other 
mental functions, the most frequently disturbed of 
which in the organic amnesic state appears to be that 
of perception (Bonhoeffer, 1901; Bumke, 1928 ; 
MacCurdy, 1928; Biirger-Prinz and Kaila, 1930). 
Since Lowenbach and Stainbrook (1942) also found 
temporary modifications in the responses to the 
Rorschach test in the records of post-E.C.T. patients, 
it seemed likely that a useful preliminary investiga- 
tion would be one in which perceptual changes were 
taken into account at the same time as the memory 
defects were measured. This paper is an account of 
such a study. In order to allow for the assessment of 
perceptual disturbances, material of an ill-defined 
and ambiguous nature has been used of a type some- 
what similar to that in the Rorschach test and in 
contrast to the well defined words or pictures re- 
ported on by the majority of other workers. 


Method 


Test Material.—The material used in the investigation 
consisted of four sets of nine pictures each. The first 
picture in each set was a nearly circular ink blot, and the 
last in each set a fairly representative silhouette study of 
an animal (cat, elephant, rabbit, and goose), while the 
intervening pictures showed various stages between the 
two extremes. Each set was graded so that those nearest 
the beginning of the set were least like the final product 
while those nearest the end were most like it. 


Administration.—Before beginning the test, the subjects 
were instructed as follows (the actual words were not 
strictly adhered to, so long as the gist was made clear to 
each subject) : 

“* | have here a picture, which, as you see, is just like an 
ink blot. But as I turn over the pages, this ink blot will 
begin to look more and more like an animal. I want 
you to tell me as soon as you can what sort of animal 
you think it is going to finish by representing. Can you 
make a guess straight away now?” 

All verbal responses by the subjects were noted. Ifthe 
name of an animal was volunteered, the experimenter 
replied, ‘“‘ That’s not a bad guess,”’ and turning over the 
page, ‘“* What about it now?” If no animal’s name was 


TABLE I 
ANALYSIS OF AVERAGE STAGE OF RECOGNITION OF FOUR 
SETS OF PICTURES 


| 
| | 





| 
Point of | 
| Cat 











| 
Recognition | Elephant | Goose | Rabbit 
| | 
Not recog- | | | 
nized* 2 Si | = 2 
y mi a 1 
8 az eae 5 
7 3 | 5 | 6 4 
6 4 | 4 5 5 
5 | 3 si 2 4 2 
4 i aa ae ae oe 
3 “7 pee Boe ee 
2 l a, Oe ee ee 
i a : | 
N | 15 | 14 | 16 | 19 
Mean | 62 | 63 | 62 7:2 





* Counted as Stage 10 and credited 10 points. 
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given and the patient merely described the blot as 
“* looking like a potato,” or “ nothing at all,” the page 
was again turned, and the question, ‘‘ What about it 
now ?”’ repeated. 

No time limit was set for a response, and the subjects 
were never hurried or prompted. If their attention 
seemed to have wandered, they were brought back to the 
task by a repetition of the question, ‘“* What does this 
look like?” or, “‘ What animal do you think this will 
turn into?” and the page was never turned until the 
patient had either responded to a picture by giving it a 
name or signified that he was unable to do so. 

The number of the picture which first elicited mention 
of the correct animal was scored as the “ point of 
recognition,’ even when this was obviously a guess, or 
when at later pictures the subject changed his mind. 
Thus, on the elephant set, a patient might respond to 
No. 3 by saying, ‘‘ I think it’s going to be an elephant,” 
and to No. 4 by saying, “* Now it looks more like a bear,” 
nevertheless, his point of recognition was taken as 
Stage 3. 


Preliminary Standardization.—Before the exp2riment 
itself was begun, the sets of pictures were shown to a 
number of patients and staff in the hospital in order 
to ascertain their comparability. Each individual was 
shown two of the sets, the points of recognition on each 
being noted. Standardization was not carried out on a 
Strictly statistical basis, but from the distribution of the 
points of recognition shown for the four sets in Tah'o I 
it will be seen that three of the sets, cat, elephant, and 
goose, are recognized on the average at about the same 
stage. As the rabbit was recognized on the average rather 
later than the others, it was discarded and was not used 
in the main experiment. 

A second preliminary investigation was made in order 
to ascertain whether recognition on the first set helped 
or impeded recognition on the second set. Table II 
shows the difference in the points of recognition for the 
cat and elephant presented alternately first and second 
to 41 subjects. 


TABLE II 


DIFFERENCE IN POINTS OF RECOGNITION OF CAT AND 
ELEPHANT 





Difference in Points of 


Recognition No. of Subjects 





First—Second 





+3 4 
+2 3 
+1 4 

0 8 
—] | 10 
—2 11 
—3 1 





Mean Difference —-32 





It will be seen that there is a slight tendency to recog- 
nize the second set earlier than the first, but that the 
difference is almost insignificant. 


Subjects.—The subjects for the main experiment were 
male and female patients at Graylingwell Hospital who 
were undergoing electric-shock therapy. No form of 
selection was used in choosing subjects, except that all 
had to be capable of recognizing and correctly naming 
simple pictures. Some of these patients had been in 
hospital for many years ; others were recent admissions. 
Some were seen before and after their first shock, others 
while in the middle of a course of treatment, and still 
others after occasional treatment for management pur- 
poses. Some patients were extremely cooperative, while 
others were hostile and evasive and could only with 
difficulty be persuaded to take part in the test. 

Despite the realization that different forms of adminis- 
tering shock therapy have different effects on retrograde 
amnesia (Liberson and Wilcox, 1945), the post-convulsive 
testing in this experiment was carried out after treatment 
had been given by several different methods, and after 
different quantities of dosage. In fact, the only factor 
kept constant was the state of consciousness at which 
the post-convulsive testing was begun. 





Experimental Procedure.—The pictures were shown to 
the subjects at three different times or stages. 


Stage 1 is the period before treatment. The time 
elapsing between presentation of the pictures and the 
beginning of treatment was not kept constant, and 
varied from a few seconds to several hours. 


Stage 2 is the period immediately after treatment, 
while the subjects were still confused and amnesic. As 
soon as a patient was able to count correctly the number 
of fingers held up in front of him, and name simple 
objects such as a key, a pen, and a watch, he was shown 
the first set of pictures. At this time he was, of course, 
still unable to say where he was or to recognize the 
experimenter, both of which questions were asked as a 
routine. He was also asked as a routine question whether 
he had ever seen the pictures before, and invariably 
denied having done so. 


Stage 3 is the period some hours after treatment, but 
before any further treatment. If treatment was given 
early in the morning, the next set of pictures was shown 
late that evening, while if treatment was given in the 
evening the next set of pictures was shown the following 
morning. At this time the patients were always well 
orientated again, and could usually remember having 
seen the experimenter and the set of pictures in Stage 1, 
but not in Stage 2. 

It should be noted that the stages represent uniformity 
of consciousness, not of time interval. Thus even Stage 2 
varied as regards its time after the beginning of treatment, 
some subjects being in a condition to cooperate very 
much sooner than others. 


Procedure of Testing.—In Stage | the subject was shown 
one set of pictures only. Since the sets were taken in 
turn so as to overcome any possible differences in 
recognizability between them, the set shown at this time 
will be referred to as set A. In Stage 2, the subjects were 
shown set A again (A') and another set which will be 
referred to as set B. Although the patients at this time 
were able to obey simple instructions and answer simple 











32 MOYRA WILLIAMS 


questions, they were not able to understand complicated 
explanations. It was, therefore, impossible to make them 
realize that they were guessing what the pictures would 
become, so as each picture was held up in front of him the 
patient was simply asked, ‘* What animal does this look 
like?” or, “* What animal is it most like? ”’ It is impor- 
tant to realize that forecast guessing in Stage 2 was thus 
eliminated. 

Since during every minute which elapses after treat- 
ment the subject’s orientation, cognizance, and memory 
for past events improves, it is clear that whichever set 
of pictures is shown second in Stage 2 has the advantage 
of being perceived by a clearer mind. As against this, 
however, there is a tendency for responses made in the 
early post-convulsive period to perseverate. Thus, the 
response made to the first set of pictures seen in Stage 2 
might, and was occasionally found to, perseverate and 
cause faulty responses to the second set. To eliminate 
the effects of either of these factors on the point of 
recognition on the two sets A! and B, these sets were 
alternately presented first and second at this stage. 

As soon as set B had been run through and recognized, 
(or if it was presented before A’, after the recognition of 
this set) it was presented again from the begirining 
(as B') and its point of recognition determined for a 
second time. It is important to realize that even when 
less than a minute had elapsed between these two 
presentations, the subjects always denied at the second 
presentation of B that they had ever seen the pictures 
before. 

In Stage 3, subjects were shown set B again (B"") and 
also set C. At this time they nearly always remembered 
having seen both the experimenter in Stage 1 and set A 
at that time, but neither the experimenter nor set B from 
Stage 2. The experimental procedure is as follows : 








Stage Consciousness* —_ Sets Shown 
a a to | 
E.CT. 7 
2 7 Confused A! _ 
B 
} B! 
3 Clear 5 
os 





* Terms used in description here are only relative. 

It should, however, be mentioned that for a variety of 
reasons not every patient was able to follow the complete 
procedure set out above. Thus, some patients saw A 
and A!; some B, B', B'!,andC. For this reason, the 
means in the following tables are not strictly comparable. 


Results 


The quantitative data are analysed under two 
headings : 


1. EFFECT OF PRELIMINARY STIMULATION ON 
RECOGNITION IN CONFUSIONAL STATE 


Table III shows the points of recognition of set A 
before treatment, of the same set A! after treatment, 
and of set B, which was seen for the first time after 
treatment, for 19 subjects. 

It will be noticed that whereas A? tends to be 
recognized slightly earlier in the confusional state 
than it was before, the difference, however, being 
small, B tends to be recognized much later after 
treatment than A was before treatment. Moreover, 


TABLE III 
POINTS OF RECOGNITION FOR A BEFORE AND AFTER (A!) TREATMENT AND FOR B AFTER TREATMENT FOR 19 SUBJECTS 





Point of Recognition 


| 


Difference between Points of Recognition 























A | Al B | A-Al A-B | Al-B 
6 6 7 0 | +f | +1 
6 4 8 wi | +2 | +4 
6 6 6 0 | 0 | 0 
6 8 6 | +3 | 0 om, 
6 5 10 anf +4 +5 
7 3 9 | _ | +2 +6 
3 1 = ~ os i 
2 3 | 7 | wall | +5 | +4 
7 7 | 5 0 | a ae 
6 5 9 on§ | +3 +4 
5 4 6 of | +1 4-2 
6 6 10 0 | +4 | +4 
7 7 8 0 | +1 +1 
8 8 10 0 +2 +2 
4 4 | 6 0 +2 +2 
of 4 6 ss 42 a2 
6 7 | Bs nt = a 
2 3 9 +1 47 +6 
8 x 7 0 a af 
Mean —-44 +1-94 +2:25 
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the familiar set of pictures, A’, is in all except four 
cases recognized more easily than the unfamiliar set, 
the mean difference being +-2-25 stages. The differ- 
ence between the points of recognition on these two 
sets, although both were seen at about the same time, 
indicates that the earlier recognition of the familiar 
set, A', cannot be accounted for by a lessening of 
hostility or evasiveness on the part of the patient, 
since if this were the only factor influencing the 
patient’s responses, it would affect recognition of 
both sets equally. When the plus and minus signs 
denoting the difference in points of recognition are 
arranged in a table of distribution (Table IV) and 
submitted to the y* test for goodness of fit in a 
2x2 table, the value of ~* is 9-8, for which the 
probability that the differences could be due to 
chance is less than 0-002 (Fisher’s table). 


2. EFFECT OF STIMULATION DURING CONFUSIONAL 
PERIOD ON LATER RECOGNITION 


The effect of stimulation during the confusional 
period was investigated by repeated presentation of 
the pictures in set B immediately after the first 
presentation in Stage 2 when they are referred to as 
B', and several hours later, when they are referred 
to as B''. Again it should be noted that at each 
presentation subjects denied having seen the set of 
pictures before. Table V shows the points of 
recognition for B, B’, B“, and C for 15 patients. 
It will be noticed that the second time the set of 
pictures is presented during the confusional period it 
is usually recognized sooner than before. Although 
the time-interval between the first and second 
presentations of B was never more than a few 











TABLE IV 
TABLE OF DISTRIBUTION OF DIFFERENCE IN POINTS OF 
RECOGNITION 
A—A!? A—B 
Difference in Points 
of Recognition No. of No. of 
Subject Subject 
+7 - 1 
+6 Me - 
+5 ee 1 
+4 a 2 
3 éa 1 
2 1 5 
1 3 3 
0 8 2 
—1 3 1 
—2 2 1 
—3 i eS 
—4 1 











experienced during a slightly clearer state of 
consciousness, which would be expected, from the 
results reported before, to assist in its recognition. 
However, the time-effect over such a short period 
does not appear to be very great. It will be remem- 
bered that in Stage 2, the sets A! and B were shown 
with alternate ones first, so that one patient saw A! 
before B, and the next B before A’. If, for the total 
number of patients, the point of recognition on the 
set first seen is compared with that on the set seen 
second, it is possible to calculate the effect of time 
alone on the point of recognition, as the effects of 
familiarity and unfamiliarity will here cancel each 
other out. This has been done in Table VI and is 
compared with the difference in the points of recog- 
nition when the two sets of pictures are the same, 





























minutes, the second presentation was undoubtedly B and B'. When the plus and minus values in 
TABLE V 
POINTS OF RECOGNITION FOR B, B', B'!, AND C FOR 15 SUBJECTS 
Stage 2 Stage 3 weet ge of 

B B} Bi  & B-B! BUC 

6 | 4 7 " —2 

6 4 ie is —2 56 

8 7 6 5 —1 —1 

9 9 8 7 0 —1 

6 1 5 4 —5 —1 

7 7 4 7 0 +3 

10 10 7 4 0 —3 

7 7 6 5 0 0 

é | 6 oa ~ —l 

7 2 6 5 —5 | 

7 3 2 7 —4 +5 

7 6 6 4 ~! —2 

9 7 6 2 —2 —4 

8 7 8 7 +1 

10 7 5 —2 
Mean 1-76 — 
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TABLE VI 


COMPARISON BETWEEN POINTS OF RECOGNITION OF TWO 
DIFFERENT SETS OF PICTURES AND THE SAME SET 








Difference in 
Points of Different Sets Same Set 
Recognition | 
+5 2 as 
+4 i ei 
+3 1 ‘a 
+2 2 RD. 
+1 1 > 
0 1 4 
—1 - 2 
—2 5 3 
—3 2 me 
—4 1 1 
—5 ad 2 
—6 1 ea 











Table VI are subjected to the y* test in a 2x 2 table, 
the value of * is 3-9, and the probability that the 
difference between the distributions is due to chance 
is 0-05 (Fisher’s table). A comparison between the 
points of recognition of the familiar and unfamiliar 
sets of pictures in Stage 3 (Table V), however, 
indicates little difference between them except that 
the unfamiliar set tends to have a slight advantage 
and to be recognized before the familiar one. Why 
this should be so is difficult to say, unless the failure 
to recognize B in Stage 2 has a slightly retarding 
effect on its recognition in Stage 3. The difference, 
however, is not great enough to warrant any 
speculative explanations. 

As well as the above quantitative data, some 
interesting points were noted in the individual 
records. It was frequently found that unusual 
responses which were aroused in a patient ata 
certain point on one set of pictures were again 
aroused on re-presentation of the same set, but at 
an earlier point in the series. Thus the whole series 
of responses seems to be more or less reproduced, 
but in a condensed form and slipped back a stage. 
The following are some examples. 

A female patient was interviewed during the con- 
fusional state. She was first shown the set of pictures 
which turned into an elephant, then the set turning into a 
duck or goose (either response counting as correct). She 
was then shown the elephant set a second time and 
finally the goose set a second time. The following are her 
responses to each picture. 


Elephant Set 
No. of 
Picture First Response Second Response 


1. Notlikeanyanimal. Not like any animal. 


99 > 9° 99 9 9 9° 99 


A polar bear. 
Still a polar bear. 
I still think so. 
An elephant. 


> 9° 99 99 


A polar bear. 
Not like any animal. 
An elephant. 


MPP YY 


Goose Set 
1. No animal. No animal. 
2. Nothing. Looks like part of the body. 
3. Someone’s private. oe ima? @ sews te 
4. That’s the same. <a ae ee 
5. Tea. Still looks the same. 
6. Sea lion. Looks like a duck. 
7. A duck. 


The following day her responses to the elephant set 
were as follows : 


. Nothing. 

. Nothing. 

. Something like a polar bear. 
Yes. 

. Yes still. 

. An elephant. 


DANRWN- 


Thus, not only was the response “elephant” given 
sooner at repeated presentations, but the “* polar bear ” 
response showed the same tendency, appearing first to 
card 5, the next time to card 4, and the third time to 
card 3. On the goose set, both the correct response and 
the “‘ private part ’’ response were shifted back a step on 
second presentation. 

A male patient was shown the elephant set before 
treatment and again in the confusional state after it. 
The following is a comparison of his responses. 


Goose Set 
No. of 
Picture First Response Second Response 
1. Nothing much. Nothing. 
2. 7 aa A sheep 
3. * os Elephant. 
4. Sheep. 
5. They’re all much about the same. 
6. Still a sheep. 
7. An elephant. 


The same tendency is occasionally produced by a 
course of treatment when conscious memory of the set 
seen before is obliterated during the course of treatment. 

A female patient was shown the goose set before 
beginning a course of treatment, and again a fortnight 
later after four treatments of E.C.T. The following is a 
comparison of her responses. She strenuously denied at 
the second presentation having seen any of the pictures 
before. 


Goose Set 

No. of 

Picture First Response Second Response 
1. Nothing. Looks like a pear. 
2. ” A bit different now. 
3. A different shape. Don’t know. 
4. Same shape as before Leg of mutton. 

except at the top. 

5. Slightly different again. Don’t know. 


What do you mean an 
animal? It’s like a leaf 
or a leg of mutton. 

6. No response. Now we’re coming : 
it looks like—a 
drake. 

7. More like a duck. 
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Discussion 


The difference in the points of recognition of 
familiar and unfamiliar sets of pictures seen during 
the post-E.C.T. amnesic state indicates quite clearly 
that if a set of pictures is seen before treatment it is 
more easily recognized after it than a new set seen 
at this time, even though the familiar set may be 
neither recalled nor recognized by the patient at the 
time when the responses are given. This finding 
seems to be important in drawing attention to two 
points : 


1. Responses after E.C.T. are facilitated by their 
previous performance even when this performance 
is not consciously remembered. A similar facilita- 
tion of behaviour performance was found by Gregor 
and Roemer (1906) to result from practice in 
Korsakoff patients who yet retained no recollection 
of the learning period. 


2. E.C.T. does not obliterate this facilitation even 
in very recent experiences, although it was not 
possible from the small number of cases tested in 
this experiment to ascertain the exact relationship 
between recency and facilitation. 

From the results of the experiment it is further- 
more apparent that a response made during the 
post-E.C.T. confusional period may also be 
facilitated by its previous enaction during this 
period, despite absence of recall and recognition 
of the event by the patient. It thus appears 
that facilitation of a response can be brought 
about, even when no memory of the response appears 
to be retained, although the facilitation induced in 


such cases does not extend into the post-confusional 


period. 

Although these findings point to the conclusion 
that a preliminary viewing of a set of pictures aids 
its recognition in the confusional period, a com- 
parison of the examples of individual responses 
quoted suggests that what appears to be recognition 
of the object may, in fact, only be a pattern of 
verbalization given in response to a visual and 
auditory stimulus, and that it is not so much con- 
scious recognition of the object that is facilitated by 
previous stimulation, as a repetition of this response. 
On the other hand, it may be that conscious recog- 
nition of an object or event is concerned with the 
reawakening of perceptual patterns whose perfor- 
mance has been facilitated by previous excitation, 


and that this facilitation affects not only the one 
isolated response but also those in psychological 
proximity to it. 

Further experiments are being made in an attempt 
to clarify this point. 


Summary 


The responses made by subjects in a post-E.C.T. 
amnesic state to unstructured material was investi- 
gated by means of three sets of pictures. Each set 
started off as a spherical ink blot, and developed 
through nine stages into a silhouette study of a 
familiar animal. 

It was discovered that despite lack of recall and 
recognition on the part of the subjects, sets of 
pictures which had been shown to them either before 
the beginning of treatment, or in the early con- 
fusional period, were more easily recognized during 
the later confusional period than the other sets. 

These findings are discussed in the light of some of 
the qualitative aspects of the responses. 


I should like to acknowledge my gratitude to Dr. 
Joshua Carse, Medical Superintendent of Graylingwell 
Hospital, where these investigations have been carried 
out, and to Dr. M. B. Brody, Director of Clinical 
Research, for much helpful criticism and advice. 
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DEGENERATION 


OF THE PRIMARY AND SECONDARY SENSORY 


NEURONES AFTER TRIGEMINAL INJECTION 


BY 


JOHN PENMAN and MARION C. SMITH* 


This paper comprises a clinical and pathological 
report of a case of tic douloureux, in which death 
occurred three and a half months after a successful 
injection of the right trigeminal nerve. 

Though this form of injection has been practised 
for nearly 40 years, there is still dispute about the 
exact site of action of the alcohol, the changes which 
it produces in the trigeminal pathway, and their 
duration. 

Chance (1920) wrote “‘. . . it is not known for how 
long in a given case the influence of the alcohol can 
last, nor has it been settled by post-mortem studies, 
I believe, just how great is the destruction of the 
ganglia.” So far as we can discover, these words are 
still essentially true. Similarly, after the parallel 
procedure of sensory rhizotomy, only a few patho- 
logical studies have been made of the sensory root 
and central trigeminal pathway. Spiller and Frazier 
(1901) and others have made such studies in various 
experimental animals ; but so far as we know, the 
only three human cases that have been reported are 
those of Sjdqvist (1938). 

Cavina (1932) made an ingenious investigation of 
the site of action of alcohol. On numerous occasions 
he gave a trigeminal injection and immediately pro- 
ceeded to a posterior rhizotomy, having left the 
needle in place ; on opening the cave of Meckel he 
noted the position of the needle point. He was able 
to infer that the alcohol had the greatest effect when 
injected among the fibres of the sensory root just 
anterior to the porus trigemini. 

We have discovered only two workers who 
describe the histology of the trigeminal ganglion and 
the adjacent trigeminal fibres after injection. Both 
found changes which might or might not have been 
due to the alcohol, but neither attempted to deter- 
mine the site of the injection from the histological 
picture. Guarch (1924) described two cases of tic 
douloureux treated by alcoholic injection; the 
ganglia were extirpated after an unspecified interval 
and he stated that they were unaltered by the 





* From the Neurological Unit, Medical Research Council, National 
Hospital, Queen Square, London. 


injection, though he enumerated various chronic 
degenerative changes. He noted chiefly that the 
ganglion cells nearly all had dark staining nuclei, 
shrunken bodies and vacuolated cytoplasm; the 
capsular cells were said to be phagocytic. In addition 
the nerve fibres were grossly demyelinated. It is 
difficult to see how he was so sure that the alcohol 
had played no part in producing this degeneration. 
Heilmann (1929) also described a case in which a 
trigeminal injection had been made; the ganglion 
cells showed chronic degeneration and there was 
demyelination of both the central and peripheral 
portions of the nerve fibres. Neither of these papers 
contains details of the degree of sensory disturbance 
produced by the injections. Without this informa- 
tion one cannot be sure that the alcohol came into 
contact with any part of the trigeminal pathway. 

Proof that alcohol can destroy ganglion cells and 
their fibres was provided by Chiasserini (1915). 
Using dogs, he injected alcohol under direct vision 
into the spinal posterior root ganglia and examined 
them histologically after various intervals; all 
degrees of cell and fibre destruction were found. 

As to the duration of the effects of alcoholic 
injection on the human trigeminal nerve, the evidence 
for this has hitherto been clinical (Harris, 1920 ; 
Carmichael and Woollard, 1933). 

The case described here offers some histological 
evidence of the effects of alcohol on the human 
trigeminal pathway and their probable duration. 


Nomenclature 


The term ‘* Gasserian ganglion ” has been used in 
two different senses : (1) in the older sense, based on 
gross appearances, the ganglion is the swelling of the 
trigeminal nerve and includes all the nervous struc- 
tures within the cave of Meckel; (2) in the newer 
histological sense it is only the band of nerve cells 
intervening between the three main divisions of the 
nerve and its sensory root. There is thus one struc- 
ture which belongs in the older nomenclature to the 
ganglion and in the newer to the sensory root ; this 
is the aggregation of nerve-bundles between the 
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cellular band and the porus trigemini; it has long 
been called the plexus triangularis. 

We propose to follow Ferner (1949). He uses the 
word ganglion in its newer and more restricted 
sense, replaces the term plexus triangularis by the 
term pars triangularis (of the sensory root), and 
calls the remainder of the sensory root, from porus 
trigemini to pons, its pars compacta. 


Case Report 


In June, 1945, a man, then aged 73 years, began to 
suffer from increasingly severe pain which was always 
confined to the right cheek and forehead, occurred in 
paroxysms lasting only a few seconds, and was often 
precipitated by eating, talking, washing the face or 
bodily exertion. In every way the pain was typical of 
tic douloureux. This continued until July, 1947, when 
because of it he was admitted to hospital. On July 25, 
1947, a full neurological examination revealed no 
significant abnormalities. In particular the motor, 
reflex, and sensory functions of both trigeminal nerves 
were normal. Routine radiographs of the skull were 
taken, also on July 25, and reported on by Dr. James 
Bull as negative. The same day a right trigeminal 
injection was given. When the needle point seemed to 
be suitably placed, 0-1 ml. of procaine was injected ; 
within one minute there was anesthesia to firm pin- 
pricks throughout the right trigeminal area. Next 0-5 
ml. of 90% alcohol was injected in divided doses of 
0:05 ml. The needle was left in place for half an hour, 
after which, there being no diminution of the anzs- 
thesia, it was withdrawn. Because of certain abnorm- 
alities found during physical examination, radiography 
of the chest had been performed. Dr. Bull reported 
that the film suggested the presence of large secondary 
carcinomatous deposits in both lungs. 

The patient was re-examined at the second, third, 
fourth, sixth, and eighth weeks after injection. By 
late October, 1947 he had begun to be cachectic, and on 
November 3 he was re-admitted to hospital. During the 
next 12 days he was examined several more times, the 
last occasion being on November 13. At every examina- 
tion there was anesthesia to heavy pin-pricks throughout 
the right trigeminal area. The right side of the forehead 
and the right cheek were tested for deep pressure sense ; 
this was quite absent. On November 15 the patient 
died. 


Necropsy.—Twelve hours after death formol saline 
was injected into the cisterna magna and the head 
rotated so that the fluid should run over the base and 
anterior aspects of the brain. The necropsy, unavoid- 
ably delayed until 60 hours after death, was performed 
by Dr. J. N. Cumings. The base of the brain and the 
emerging nerves were found to be well fixed. The 
brain and the contents of both caves of Meckel were 
removed. To the naked eye there was no abnormality of 
the brain, ganglia, or nerves and no secondary deposits 
were found, though carcinomatous masses were present 
in the apices of both lungs. The other organs were 
healthy. 


Preparation of Sections.—Fixation was continued in 
20% formol saline for 14 days. The ganglia and 
attached nerve fibres were embedded by the celloidin 
method. The mid-brain, pons and medulla were sliced 
transversely, alternate slices being prepared by ordinary 
celloidin embedding and for staining by the Kulchitsky 
modification of the Weigert-Pal technique. Sections of 
the ganglia and fibres were cut serially at the angle which 
gave the greatest longitudinal and transverse diameters. 
The stains used on the ganglia and fibres were Ehrlich’s 
hematoxylin and eosin ; Anderson’s iron hematoxylin 
and van Gieson’s stain; Mallory’s phosphotungstic 
acid hematoxylin ; thionin ; Gros’ silver stain ; Loyez’ 
myelin stain ; and Gordon and Sweet’s reticulin stain. 
Most of the sections were stained by Anderson’s iron 
hematoxylin and van Gieson’s method or by Gros’ 
silver method, the other stains being used on representa- 
tive sections at different levels. As a control, six normal 
ganglia and sensory roots were obtained at necropsies ; 
five were embedded in paraffin and one in celloidin. 
These control specimens were sectioned as similarly as 
possible to the injected one. The paraffin preparations 
were cut serially, and, at intervals of 50, sections were 
stained by Ehrlich’s hematoxylin and eosin, by Ander- 
son’s iron hematoxylin and van Gieson’s stain, and by 
thionin. In the celloidin preparations every tenth 
section was stained by Gros’ silver method, and a few 
sections by the hematoxylin and van Gieson’s method. 

Sections from the slices of mid-brain pons and medulla, 
were stained by Kulchitsky’s modification of the 
Weigert-Pal method, Ehrlich’s hematoxylin and eosin, 
thionin, Loyez’ myelin stain and Gros’ silver stain. 


Examination of Sections 
For descriptive purposes it is convenient to divide 
the trigeminal pathway into a peripheral and a 
central part. In all the figures (a) denotes normal 
controls, and (b) sections from the injected side in 
this case. 


Peripheral Trigeminal Pathway.—The sensory root 
in the porus trigemini, at its point of transition from 
pars triangularis to pars compacta, shows very 
definite changes. The usual formation of approxi- 
mately parallel bundles of nerve fibres is completely 
disorganized. There are fewer bundles than usual ; 
many are broken up into segments and are entangled 
in fibro-vascular tissue which is more abundant than 
in the normal (Figs. 1 and 2). The very few remain- 
ing normal bundles lie near the supero-medial 
border of the sensory root. Except in these few . 
bundles most of the nerve fibres show gross degener- 
ation, with almost complete loss of myelin; the 
Schwann cells are increased in number and there is 
a considerable leucocytic reaction (Fig. 3). The only 
axis cylinders persisting are fine ones, which are 
swollen, and the argentophil material is mainly 
in the form of granular detritus. The pars triangu- 
laris is very different from the normal. A few fine 
nerve fibre bundles run from the ganglion cells, but 
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Fic. 1a.—Section of normal trigeminal 
ganglion and sensory root. 


Fic. 1b.—Section of injected trigeminal 
ganglion and sensory root. (x 2. 
Anderson’s iron hematoxylin and 
van Gieson’s stain.) 


o.n: ophthalmic division of fifth nerve ; 
max.n : maxillary division ; mand.n : 
mandibular division ; p.t: pars tri- 
angularis of sensory root; por.t: 
porus trigemini ; .g.c : ganglion cells. 


2a 





Fic. 2a.—Area of porus trigemini in 
normal sensory root outlined in 
Fic. la showing bundles of nerve 
fibres. 


Fic. 26.—Similar area in injected root, 
outlined in Fic. 15, showing dis- 
organized nerve fibres. (x 40. Ander- 
son’s iron hematoxylin and van 
Gieson’s stain.) 
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Fic. 3a.—Higher power view of normal nerve fibre 
bundle shown in Fic. 2a. 


Fics. 3b and 3c.—Similar views from Fic. 2b to show 
Schwann cell increase, and leucocytic reaction. 
(x 320. Anderson’s iron hematoxylin and van Gieson’s 
stain.) 


Fic. 4.—Nerve fibre bundle near the ganglion cell zone 
of the injected ganglion, showing large argentophil 
swellings. (x 200. Gros’ silver stain.) 


PiaTE II 





Fic. 5.—Similar area to Fic. 4. 
silver stain.) 


(x400. Gros’ 
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Fic. 6a.—Ganglion cells of left, normal trigeminal Fic. 6b.—Ganglion cells of right, injected trigeminal ; | 
ganglion. ganglion showing marked cellular proliferation. 
(x250. Anderson’s iron hematoxylin and van 
Gieson’s stain.) 
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Fic. 7a.—Ganglion cells of left, normal ganglion to show Fic. 7b.—Ganglion cells of right, injected ganglion 
condition of pericellular network and axis cylinders. showing many irregular large swellings on the axis 
Some thickenings of the processes are present. cylinders. (200. Gros’ silver stain.) ' 
} 
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Fics. 8 and 9.—Higher magnification of pericellular and axis cylinder swellings as shown in Fic. 7b. (600. 
Gros’ silver stain.) 


PLATE III 
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_ Mak Oe tn aa 3 r 
Fic. 10b.—Injected fifth nerve just after entrance 

into pons, showing pallor due to gross de- 
b.p. b.p. myelination. (60. Loyez’ myelin stain.) b.p.: 
fibres of brachium pontis ; f.n.: fifth nerve. 


Fic. 10a.—Normal fifth nerve just after entrance | 
into pons. 
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114.—Intra-pontine part of injected fifth nerve, 
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Fic. 11a.—Axis cylinders in intra-pontine part of normal Fic. 











fifth nerve. showing loss of many axis cylinders and presence of 
argentophil detritus. (350. Gros’ silver stain.) 
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erve. Fic. 12b5.—Main sensory nucleus of injected fifth nerve, 
showing loss of nerve cells. There is marked microglial 
increase. (80. Thionin stain.) 
PLATE IV 


Fic. 12a.—Main sensory nucleus of normal fifth 








Fic. 13.—Transverse section of medulla showing loss of axis cylinders in 
spinal tract of fifth nerve on right, injected side, compared with left 
normal side. (x7. Gros’ silver stain.) 

a.S$.a. a.S.a. 





Fic. 14a.—Enlarged view of left, normal tract shown in Fic. 146.—Similar view of right, injected tract, showing 
Fic. 13. loss of descending axis cylinders of spinal tract. 
There is also a loss of secondary ascending axis 
cylinders in the hilum of the nucleus. (x25. 

Gros’ silver stain.) 


d.p.a: descending primary axons of fifth nerve; s.n: region of cells of spinal nucleus; a.s.a: ascending 
secondary axons of fifth nerve; n.a: few normal axons; s.c: dorsal spino-cerebellar axons. 
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Fic. 15.—Transverse section of medulla at region of 
pyramidal decussation. As in Fic. 12, loss of 
descending and of ascending axons in right, spinal 
tract of fifth merve, seen. (x7. Gros’ silver stain.) 
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Fic. 16a.—Enlarged view of left normal tract. Fic. 166.—Similar view of right injected tract, showing 
absence of descending and ascending axons, 
as in Fic. 146. No intact descending axons 


present at this level. (25. Gros’ silver stain.) hug 
h.. fg 9 Oe Se Sy . -pi- 4 ie 
4 Cie 4 ot : x fe, - ; ; are 
*<e a> . : ; - 
~ an ye, ee wy 
iy @ as : “s ‘ P 


4 be fe 













oe 









“de 


f 


fy GS. ' 9 





, 
fF éeTe 


Fic. 17a.— 


OMe Ze 


Secondary ascending trigeminal tract on Fic. 176.—Similar area on injected side, showing loss 
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normal side, at mid-medullary level. of fibres. (150. Weigert-Pal stain.) 
PLATE VI 
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Fic. 18a.—Spinal nucleus of normal fifth nerve. Fic. 186.—Spinal nucleus of injected fifth nerve showing 
chromatolytic neurones. (200. Thionin stain.) 
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Fic. 19a.—Medium-sized neurone from normal Fics. 195 and c.—Medium-sized neurones 
spinal nucleus. from spinal nucleus of injected side, 
showing swollen cell bodies, eccentric or t 

absent nuclei, and chromatolysis. 
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they amount to only a fraction of the usual number 
(Fig. 1). The myelin staining of these fibres is more 
definite near the ganglion cells and fades off near 
the porus trigemini, as already described. There is a 
great increase in cellularity. A few normal axis 
cylinders are present, but most of them are swollen 
and many end centrally in bulbous enlargements 
(Figs. 4 and 5). Fine silver-staining debris in clumps 
appears to represent completely degenerated fibre 
bundles. Between the bundles is a fine fibro-vascular 
network, continuous with the fibro-vascular tissue 
in the region of the porus trigemini. In some regions 
there seem to be spaces containing no tissue at all. 
Although the plane of the section may contribute 
to this appearance it must be partly due to actual 
loss of tissue, for the walls enclosing the spaces 
have a smooth fibrous lining; small clumps of 
argentophil material are seen round the spaces. 
This apparent loss of tissue is most marked near the 
infero-lateral border in the superficial sections, and 
the supero-medial border in the deep sections. It is 
possible that necrotic tissue from the spaces may 
have escaped during the fixing and embedding. The 
band of ganglion cells is of varying and irregular 
width exceeding the limits of irregularity seen in the 
normal (Ferner, 1940). There is evidence of actual 
cell loss in the part of the ganglion cell band next to 
the pars triangularis; here there are residual 
nodules, some still containing fragments of the 
dead neurones. In the hematoxylin and van Gieson 
and in the thionin preparations there is a generalized 
increase in non-neuronal cellularity in the ganglion 
cell band, particularly marked on the side next to the 
pars triangularis. Many of the ganglion cells are 
normal in appearance, within the limits of senile 
changes (Ramon y Cajal, 1928 ; Opalski, 1930 ; de 
Castro, 1933; Truex, 1940; Andrew, 1941). In 


‘ scattered areas there is marked cellular proliferation 


and slight loss of neurones (Fig. 6). The preparations 
stained by Gros’ silver method show thickened 
pericellular networks and many irregular processes 
arising from cells; these processes have swollen 
bulbous ends (Fig. 7). Similar structures are 
scattered among the cells (Figs. 8 and 9). The 
divisions of the nerve normally consist of nerve 
bundles embedded in fibrous tissue ; no increase in 
this tissue can be seen. Some minor changes are 
present in the fibres of the ophthalmic and maxillary 
divisions ; these consist of occasional disintegration 
of the sheaths, and of varicosities in the axis cylinders 
without break in the continuity. In the mandibular 
division these changes are rather more marked ; 
here there is a greater loss of myelin, and bulbous 
swellings are present on the axis cylinders. The 
changes are not suggestive of gross damage, and may 
be, at least in part, artefacts. 


Central Trigeminal Pathway.—The fifth nerve root 
as it enters and traverses the pons is grossly disin- 
tegrated. The myelin sheaths are almost completely 
disrupted, and the myelin staining material is 
present in irregular clumps and as granular detritus 
(Fig. 10). There are very few axis cylinders of normal 
appearance; the rest are represented only by 
argentophil debris (Fig. 11). The main sensory 
nucleus, consisting normally of rather small nerve 
cells, exhibits here a definite reduction of the number 
of the neurones ; amongst the remainder many are 
dark staining and shrunken. The degenerating 
fibre tracts show a marked microglial reaction, and 
in the sensory nucleus this increased cellularity 
masks to some extent the loss of nerve cells (Fig. 12). 
The degeneration seen in the intra-pontine part of 
the fifth nerve is present throughout the descending 
tract, and is clearly seen in Gros’, Loyez, and 
Weigert-Pal preparations (Figs. 13, 14, 15, and 16). 
In the medulla, that is, nearer the termination of the 
tract, the degeneration is absolute. The only fibres 
which remain intact at this level are a few situated 
most anteriorly ; these must be the same fibres as 
those which were found intact near the supero- 
medial border of the sensory root, and it is not 
improbable that they belong to the ophthalmic 
division. Very definite changes are present in the 
spinal nucleus. In this nucleus the neurones are of 
two types, medium- and small-celled. About two- 
thirds of the medium-sized neurones are swollen, 
the nucleus is absent or displaced to one side of the 
cell, and there is moderate chromatolysis (Figs. 18 
and 19). There is evidence of severe damage in a few 
of the smaller neurones, which are shrunken with 
dark staining nuclei. Clumps of microglial cells are 
seen, suggesting neuronophagia of completely 
degenerated neurones. 

Authorities are agreed that the secondary spinal 
fibres run in the hilum of the nucleus. On the injected 
side in this case there is definite pallor of the secon- 
dary tract in both myelin and axis cylinder prepara- 
tions. The fibres of this tract run in small bundles, 
which in this case have lost many of their fibres 
(Figs. 13-17). No pallor could be detected where the 
fibres cross in the secondary tract ; this, however, is 
not surprising as the decussation is so gradual that 
the absence of a few fibres would not be demon- 
strable by the negative stains used. 

The mesencephalic nucleus and the motor nucleus 
show no alteration from the normal. 


Summary of Histological Findings 
In the trigeminal nerve the site of maximum tissue 
destruction is the pars triangularis of the sensory 
root, where there is a great loss of fibre bundles, and 
degenerative changes in the remaining fibres. Fibro- 








46 JOHN PENMAN AND MARION C. SMITH 


vascular tissue is normally present between the 
bundles ; here it is much increased in amount. 
There is no extensive loss of neurones in the ganglion. 
Some neurones adjacent to the pars triangularis 
appear to be completely destroyed ; a few degenera- 
ting cells with marked non-neuronal cellular reaction 
are scattered among healthy neurones. There is 
thickening of peri-cellular plexuses; irregular 
clumps of argentophil material are present between 
and around the nerve cells, and generalized cell 
proliferation is seen. Many axis cylinders arising 
from the neurones end centrally in bulbous swellings. 
Within the central nervous system, the main sensory 
and the descending trigeminal tracts are degenerated, 
with loss of myelin sheaths and axis cylinders ; the 
only fibres surviving in these tracts are a few pre- 
sumably from the ophthalmic area. The mesen- 
cephalic nucleus is normal. There is evidence of 
degeneration in many of the nerve cells of the main 
sensory and spinal nuclei, and considerable loss of 
secondary fibres. Very minor degrees of variation 
from the normal are present in the peripheral 
divisions of the nerve. 


Discussion 


The injection of alcohol has resulted in very gross, 
probably irreversible degeneration of the nerve 
bundles in the sensory root. It appears also to have 
caused complete destruction of some ganglion cells 
adjacent to the pars triangularis; probably these 
were the only cells directly affected by the alcohol. 
On the whole, the changes in the neurones, their 
production of thickened processes, and any minor 
alterations in the peripheral divisions of the axons 
are probably of a secondary nature, resulting from 
damage to the central parts of the axis cylinders. 
The injection of alcohol was made into the pars 
triangularis rather nearer to the pars compacta than 
to the ganglion. 

The destruction or damage of the fibre bundles in 
the sensory root has resulted in almost total degener- 
ation of the nerve tract within the pons and through- 
out its course as the spinal tract. The degenerative 
changes of the secondary neurones in the main 
sensory nucleus and in the spinal nucleus, and of a 
large proportion of some fibres from these cells most 
probably indicate a trans-synaptic degeneration. 
After section of the sensory root (Spiller and 
Frazier, 1901 ; Sjdqvist, 1938), or section of the 
descending spinal tract (Erskine and Rowbotham, 
1949), degeneration of the descending fibres of the 
primary neurones has been described ; so far as we 
know, this is the first time that the secondary 
neurones of the trigeminal tract have been shown to 
undergo trans-synaptic degeneration, though its 
occurrence in certain other tracts has been proven. 

The mesencephalic root is unaltered as would be 


expected, for the mesencephalic cells are the primary 
neurones (Carmichael and Woollard, 1933); any 
damage to their centrifugal fibres in the sensory 
root need therefore cause no permanent changes in 
these cells. Apart from these fibres and the very 
few others escaping unaffected at the time of in- 
jection, there is an irreversible loss of the intra- 
cerebral sensory part of the fifth nerve. Even if new 
centripetal fibres were to grow from the neurones of 
the ganglion, they would be unable to extend beyond 
the surface of the pons (Schafer, 1913 ; Spielmeyer, 
1922 ; Ramon y Cajal, 1928). 


Summary 


The histoiogical changes after an alcoholic tri- 
geminal injection are reported. They consisted of 
degeneration of nerve fibres in the sensory root and 
throughout the tract of the fifth cranial nerve. 

Evidence is presented for a trans-synaptic degener- 
ation in the main sensory and spinal nuclei. 
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injection. We also gratefully acknowledge our debt to 
Miss Vera Burgess and Miss Kathleen Harrison for their 
technical assistance. The credit for the microphotographs 
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THE EFFECTS OF DITSOPROPYLFLUOROPHOSPHONATE IN 
SCHIZOPHRENIA AND MANIC DEPRESSIVE PSYCHOSIS 
BY 
DONALD W. ROWNTREE, SAMUEL NEVIN, and ANDREW WILSON 
From the Department of Pathology of Mental Disease, Institute of Psychiatry, Maudsley Hospital, London, 


and the Department of Applied Pharmacology, University College Hospital 
Medical School, London 


Diisopropylfluorophosphonate (DFP) is a drug 
which has been made available for physiological and 
pharmacological investigation as a result of re- 
searches carried out on the alkylfluorophosphonates 
by McCombie and Saunders (1946) for the Ministry 
of Supply. The anticholinesterase action of these 
compounds was recognized in 1941 by Adrian, 
Feldberg, and Kilby (1947). Later, Mackworth and 
Webb (1948) showed that DFP was the most 
active of such compounds, its anticholinesterase 
activity being 30 times that of eserine from which it 
also differs in inhibiting the enzyme irreversibly. 
DFP produces, in animals and man, effects similar 
to the muscarinic and nicotinic actions of acetyl- 
choline. In addition Grob and others 1947(b)) have 
described electroencephalographic (EEG) changes 
in man and also mental symptoms such as tremulous- 
ness, insomnia, and confusion. These have been 
attributed to an anticholinesterase action of the drug 
on the central nervous system. On this account, it 
was decided to study the effect of the drug in patients 
with characteristic functional psychoses, to determine 
its influence, if any, on the mental state of these 
cases, and to observe whether the physical and 
EEG changes produced differed from those 
previously reported in normal subjects. 

DFP dissolved in peanut oil was administered 
by intramuscular injection to 17 cases of schizo- 


phrenia and 9 cases of manic depressive psychosis. 
The schizophrenic group consisted of five paranoid, 
nine hebephrenic, one simple, and two catatonic 
patients. Of the manic depressives six were hypo- 
manic, one was depressed, and two were in a state 
of remission. Data on age, weight, and duration of 
illness are presented in Table I. 

Thirteen schizophrenics and nine manic depressives 
were given a total dosage of 13 mg. of DFP over a 
period of seven days (1 mg. on the first day, 2 mg. 
on each succeeding day). The drug was also ad- 
ministered to the remaining four schizophrenics 
over a longer period, averaging 37 days, using a 
mean total dosage of 43 mg. 

To assist in evaluating the results obtained in the 
psychotic patients an attempt was made to ad- 
minister an equivalent dosage of the drug to 10 
normal subjects, but in six of these not more than 
7 mg. could be given because of severe symptoms. 
The administration of large doses of atropine to the 
remaining four subjects considerably reduced the 
incidence of these symptoms, but it was possible to 
give the total dosage of 13 mg. to two subjects only, 
the others tolerating 11 and 7 mg. respectively. 

Regular psychiatric, physical, and EEG exami- 
nations were carried out during the investigation 
and estimations were made of the true and pseudo- 
cholinesterase activity of the venous blood. 


TABLE I 
ANALYSIS OF AGE, WEIGHT, AND DURATION OF ILLNESS 





| 














Age Weight Duration of Illness 
— pm -g — (Ib.) (Years) 
Range | Mean | Range | Mean Range Mean 
Schizophrenic ... waa _ 17 28-42 37 | 94-161 | 126 2-21 | 12 
Manic Depressive nee oa 9 24-54 41 78-146 | 129 0-2-21 | 10 
Controls cial stn 10 18-43 | 27 123-168 | 139 v | ~ 
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Cholinesterase Activity in the Plasma and Red 
Blood Cells 


The blood cholinesterase activity of 13 schizo- 
phrenic patients, 9 manic depressive patients, and 
10 normal subjects was determined before and 
during the administration of DFP. 


Method.—Specimens of blood obtained by veni- 
puncture were transferred to bottles containing heparin 
as an anti-coagulant and centrifuged. The plasma was 
separated, and the red cells, after being washed twice 
with normal saline, were laked with distilled water. The 
cholinesterase activity of each specimen of plasma and 
of red cells was determined in duplicate by. the mano- 
metric technique at 38° C., using the specific substrates 
benzoyl-choline chloride for plasma and acetyl- 8-methyl- 
choline chloride for red cells, according to the method of 
Mendel, Mundell, and Rudney (1943). Cholinesterase 
activity is expressed as the amount of CO, in u1 liberated 
from 1 ml. of plasma or preparation of red cells in 60 
minutes. 


Pre-treatment Values of Cholinesterase Activity.— 
The range and mean value obtained for each group 
of subjects are shown in Table II. Although the 
range of true cholinesterase activity in the red cells 
of the manic depressive patients is greater than in 
the other two groups, there is no statistically signifi- 
cant difference between the mean values for each 
group. 


The range of plasma pseudo-cholinesterase activity 
in the three groups of subjects varied widely and in 
the manic depressive patients appeared to reach a 
higher level than in the other two groups. Statistical 
analysis of the results, however, showed no signifi- 
cant difference between the mean values for each 
group. One normal subject had a high level (3265) 
which was confirmed by repeated examinations ; 
this subject did not exhibit any abnormal clinical 
signs or symptoms. His EEG, however, showed 
abnormalities similar to those commoniy found 
in epilepsy. 


Inhibition of Cholinesterase Activity by DFP— 
It will be seen (Table III) that in both schizophrenic 
and manic depressive patients the pseudo-cholines- 
terase activity of the plasma was almost completely 
inhibited. There wasa slightly greater inhibition of 
true cholinesterase activity in the schizophrenic 
patients but the difference between the mean values 
for the two groups is not statistically significant. 

For the purposes of comparing the effects of the 
drug on the schizophrenic and manic depressive 
patients, the inhibition of cholinesterase activity was 
assumed to be equivalent in each group. 

In the normal subjects, irrespective of the ultimate 
dose of DFP, the pseudo-cholinesterase activity 
was almost completely inhibited (range 76 per cent. 
to 100 per cent., mean 93 per cent.). The inhibition 


TABLE II 


CHOLINESTERASE ACTIVITY OF PLASMA AND RED BLOOD CELLS OF NORMAL SUBJECTS AND PATIENTS WITH SCHIZOPHRENIA 
AND MANIC DEPRESSIVE PSYCHOSIS 
































Cholinesterase Activity (1. CO,/ml./60 mins.) 
Patients 
True (Red Cells) Pseudo (Plasma) 
No. Range Mean Range Mean 
Normal subjects 10 1681-2268 1967 1146-3265 1898 
Schizophrenic ... 13 1268-2257 1811 842-2375 1550 
Manic depressive 9 746-2223 1729 1556-2292 1966 
TABLE III 


PERCENTAGE INHIBITION OF CHOLINESTERASE ACTIVITY OF PLASMA AND RED BLOOD CELLS OF PATIENTS WITH SCHIZOPHRENIA 


AND MANIC DEPRESSIVE PSYCHOSIS PRODUCED BY ADMINISTRATION OF A TOTAL DOSE OF 13 MG. DFP 














: Percentage Inhibition of Cholinesterase Activity 
Patients 
True (Red Cells) | Pseudo (Plasma) 
No. Range Mean | Range Mean 
Schizophrenic ... 13 60-90 79 86-98 94 
Manic depressive 9 58-84 74 91-100 98 
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of true cholinesterase, however, varied with the 
dosage of DFP. In one case after 5 mg. the inhi- 
bition was 43 per cent.; in five cases given 7 mg. it 
ranged from 50 per cent. to 63 per cent., whereas in 
the remaining four subjects who received 11-13 mg. 
DFP the true cholinesterase was inhibited 80 per 
cent. 
DISCUSSION 


Jones and Stadie (1939) have claimed that both 
schizophrenic and manic depressive patients show a 
tendency to have lower values for serum cholines- 
terase activity than normal subjects. Randall and 
Jellinek (1939) however did not consider that there 
was any significant difference between the mean 
values in patients with schizophrenia and those in 
normal subjects. The unit of activity which was 
measured by these and other earlier workers is not 
comparable with the unit of activity which we have 
used, since they employed acetylcholine chloride as 
substrate, while we have used benzoylcholine 
chloride, a substrate specific for pseudo-cholinester- 
ase. A direct comparison of numerical values is 
therefore not valid. 

In the present investigation, however, our findings 
of equivalent values of plasma pseudo-cholinester- 
ase activity in psychotic patients and normal subjects 
are in keeping with the main conclusions of Randall 
and Jellinek (1939). .We have in addition shown that 
both in schizophrenic and manic depressive patients 
the true cholinesterase activity of red cells is within 
normal limits. 

DFP produced very substantial changes in 
the blood cholinesterase activity of these patients. 
It is important to emphasize that these changes were 
comparable in both psychotic groups, since in some 
respects the clinical effects of the drug were different 
in the two groups. 


General Physical Changes 


Psychotic Patients—There were wide individual 
differences in the time of onset and severity of the 


physical symptoms produced by the drug. In general 
they were most marked five to eight hours after each 
injection but increased cumulatively. The incidence 
of the more important symptoms is shown in 
Table IV. Anorexia and nausea were the first 
symptoms to appear, and vomiting usually followed 
within 24 to 48 hours. These effects persisted for 
one to two days after the withdrawal of the drug. 
Diarrhoea was generally very slight when it occurred 
and there was no abdominal pain. 

Pallor and subjective sensations of faintness 
occurred frequently, and in cases in which these 
symptoms were marked, fainting attacks occurred 
which tended to be precipitated by the sudden 
assumption of the erect posture. Changes in blood 
pressure were significantly different in the two 
psychotic groups. In all the manic depressive 
patients, except the two patients who were mentally 
normal at the time of the investigation, there was a 
gradual fall of blood pressure from the beginning of 
the injection period, until approximately seven days 
after the withdrawal of the drug. In the schizo- 
phrenic patients, on the other hand, there was a 
tendency for the blood pressure to rise (Fig. 1). 
No schizophrenic patient showed a progressive fall 
in blood pressure and no manic depressive patient 
a progressive rise. These changes in blood pressure 
were not associated with any significant alterations in 
pulse rate. In four cases the pulse became irregular, 
and electrocardiograms showed this to be due in two 
cases to auricular fibrillation and in the other two 
cases to ventricular extrasystoles. The auricular 
fibrillation was not affected by administration of 
atropine sulphate gr. 1/100 (3/4 mg.) three times 
daily. In one patient not showing any cardiac 
irregularity there was marked reduction in the 
amplitude of the P wave. 

In five schizophrenic patients, and in the two male 
manic depressive cases, a slight fall in rectal tempera- 
ture (0:5° to 1-5° F.) was observed during admini- 
stration of the drug and for several days after its 

















TABLE 1V 
INCIDENCE OF CHIEF ‘‘ MUSCARINIC ’? SYMPTOMS IN CASES RECEIVING DFP FOR 7 DAYS 
, : | ; : 

Physical Signs or Symptoms a — | oo. 

Anorexia 7 an = on = ‘us 9 cases 100% 9 cases 69% 
| I cere CRN, ge "yr 100% | 9,, 69% 
Diarrhoea ... 2 ” 22% | 1 9 8% 
Total with gastrointestinal symptoms... va | ye 100% | 9 ,, 69% 
Pallor 7 100% a 38% 
Fainting... ve wae ‘ 44%, . 15% 
Electrocardiographic changes | 7 44% | 2 15% 
Total with cardiovascular symptoms one hi R -_ 100% | San 38% 
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withdrawal. Sweating was occasionally observed, 
increased salivation was common, and a large 
number of cases complained spontaneously of a 
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WEEK BEFORE OF P WEEK DURING DFP. WEEK AFTER DFP 


Fic. 1.—Mean systolic and diastolic blood pressures of 
13 schizophrenic and 9 manic depressive patients 
taken twice daily during the injection period (B) 
and for 7 days before (A) and after (C). Statistical 
analysis by comparison of the differences between 
pre- and post-treatment mean blood pressures, and 
by a non-parametric test of trend has shown the 
divergence in these curves to be significant. 
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periodic “ welling up” of saliva into the mouth. 
Lachrymation and miosis were only seen when the 
drug was administered over a much longer period. 
Records were kept of the fluid intake and output 
of 13 patients receiving DFP for seven days. Of 
these, nine had a reduced output of urine (Fig. 2). 
This was not directly associated with vomiting or 
diarrhoea and occurred in four patients who showed 
neither of these symptoms. The excretion of 
chlorides in the urine was diminished during treat- 
ment, and was increased above normal after the 
withdrawal of the drug. The four patients who were 
given DFP for 35-40 days exhibited bloating of 
the skin of the face associated with slight pitting ; 
in two there was marked cedema of the periorbital 
tissues, and in one pitting of the ankles was observed ; 
there was no evidence of cardiac failure, and 
examination of the urine revealed no abnormality. 
In three of these patients a prolonged polyuria 
occurred from 5 to 20 days after withdrawing the 
drug (Fig. 3). 

In five of the nine female patients there was an 
increase in both the amount and frequency of 
menstruation. One patient menstruated inter- 
mittently for 18 days in one cycle, and another aged 
51, whose menopause had occurred five years 
previously, had a period lasting four and a half days 
during treatment with the drug. A moderate rise 
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in fasting capillary blood sugar occurred in eight 
of ten cases examined ; the mean value for the ten 
cases increased by 10 mg., 89 to 99 mg. per 100 c.cm. 
Insulin tolerance test results were not significantly 
modified, the slope of the blood sugar curve remain- 
ing essentially unchanged. The basal metabolic rate 
of the four schizophrenic cases under prolonged 
administration of the drug showed no significant 
change. 

Generalized muscular fasciculations especially 
marked in the limbs were seen in 80 per cent. of all 
subjects studied. Their incidence did not appear 
to be directly related to the level of inhibition of 
cholinesterase or to the degree of general toxicity. 
Loss of tendon reflexes and hypotonia without 
demonstrable muscular weakness were alsocommonly 
observed. These neuromuscular changes occurred 
equally in the manic depressive, schizophrenic, and 
normal subjects. 


Normal Subjects.—The early appearance of severe 
gastro-intestinal symptoms in the normal subjects 
necessitated withdrawal of the drug and precluded 
adequate comparison with the effects produced in 
the psychotic patients. The general response to the 
drug, however, was similar to that observed in the 
psychotic patients, but, with the dosage given and 
despite the severe nausea and vomiting, no definite 
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Fic. 2.—Fluid retention in cases receiving DFP for 
7 days. Mean daily values (c.cm.) for the difference 
between fluid intake and output are plotted and 
fluid retention during DFP treatment is indicated 
by a marked fall below the line. 


trends in blood pressure were seen, either during or 
following the injection period. 

In the four cases given atropine (up to 5 mg. 
four-hourly) in conjunction with DFP, the effects 
of the latter drug were partially or completely 
counteracted during the period from 20 minutes to 
3 hours after an injection of atropine. The effective- 
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ness of atropine diminished as the cumulative effects 
of DFP became apparent, but these cases were 
able to tolerate a larger total dose of DFP than the 
other normal subjects. Although the characteristic 
effects of DFP were observed when atropine was 
withheld for 12 hours and also during the post- 
injection 7-day period, there were no significant 
changes in blood pressure. 


DISCUSSION 


Although the schizophrenic and manic depressive 
patients received the same total dosage of DFP 
and showed comparable cholinesterase inhibition, 
both the incidence and severity of the muscarinic 
effects were considerably less in the schizophrenic 
group (Table IV). The remarkable tolerance to 
the drug exhibited by certain schizophrenic patients 
is exemplified by one patient 


that these patients are more sensitive than normal 
to pilocarpine, eserine, and mecholyl (Dawson, 
1923; Altman and others, 1943; Grinevie, 
1929). The fact that pallor and fluid retention 
were concurrently observed during DFP treatment 
provokes the suggestion that the pressor effect 
seen in the schizophrenic patients may be due 
to the release of posterior pituitary hormone. 
Indeed there is some experimental evidence that 
DFP has an action on the hypothalamus (Pickford, 
1948). Such an explanation, however, does not 
satisfactorily account for the depressor effect seen 
in the manic depressive group. 


Electroencephalographic Changes 


For these studies a three channel Grass electro- 
encephalograph was used. The time constant was 





who received a total dosage « 
of 63 mg. of DFP during 35 
days, without showing any 
characteristic effects of the '% 
drug. These observations are 100 
in keeping with the concept of 
*‘autonomic hyporeactivity ” volume | 
in chronic schizophrenia, par- °° 

ticularly in true dementia 0: 

precox (Gellhorn, 1943 ; Hos- - 
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It is difficult to advance an 12s é DFP _ 
explanation for the marked . ’ ’ nn y ’ T T 
differences between the two Cm Ss cae 


‘psychotic groups in blood 
pressure response. By contrast 
no changes in blood pressure 
were seen in the normal sub- 
jects ; this confirms the observations of Grob and 
others (1947a). These blood pressure changes are not 
likely to have been related to the mental changes pro- 
duced by the drug, since a fall in blood pressure was 
not confined to those manic depressive patients 
showing improvement, and a rise in blood pressure 
occurred in schizophrenic patients who showed no 
activation of the psychosis. The fall in blood 
pressure in the manic depressive patients is in con- 
formity with the observations already made that such 
patients show increased sensitivity to parasympatho- 
mimetic drugs, e.g. mecholyl (Funkenstein and 
others, 1949; Altman and others, 1943). It is more 
difficult to interpret the rise of blood pressure in 
schizophrenic cases, since there is also evidence 


Fic. 3.—A typical case showing polyuria following withdrawal of DFP. 
case received 48 mg. in 35 days. 
between fluid intake and output. 


This 
Daily values are plotted for the difference 


0-2, and comparable high frequency filters were used 
throughout. Half-hour recordings were made using 
bipolar leads. The subjects were recumbent in a 
lighted room. In each instance capillary blood was 
taken for blood sugar estimations, and the effect of 
three minutes’ voluntary hyperpnoea was recorded. 


Psychotic Patients.—Resting records of all the 
psychotic patients were within normal limits. After 
the administration of DFP certain characteristic 
changes were observed, the nature of which depended 
on whether the record was taken within approxi- 
mately 24 hours (“early”) or later than 24 hours 
(‘‘ late ”) after the last injection of the drug. 

In “‘ early ” records the characteristic picture con- 
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sisted of generalized lowering of amplitude with a 
corresponding diminution in the amount and spread 
of alpha activity (Fig. 4). In about half the cases 
irregular low voltage slow activity at 4 to 7 cycles 
per second (theta frequency) appeared intermittently 
(Fig. 5). Such activity was most marked in the 
temporal and central areas but usually also appeared 
in frontal and occipital leads. It was invariably more 
marked on the left side and tended to occur in those 
cases whose original records, though normal,showed 
slightly more than average activity at theta fre- 
quency. Particularly in records showing such 
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increase of slow activity there was increased insta- 
bility on voluntary hyperpnoea (compared with the 
pre-DFP records), the blood sugar levels being 
comparable (Fig. 6). 

In “ late”’ records a markedly different picture 
emerged. The amplitude was increased beyond that 
of the original record and this was associated with 
increased dominance and spread of the alpha 
rhythm. The slow activity was increased in amount 
and amplitude and tended to be of lower frequency, 
2 to 7 cycles per second, (Fig. 7). The instability on 
hyperpneea was further increased (Fig. 8). 
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Fic. 4.—Lowering of amplitude, reduction in the amount of alpha activity, and lowering of frequency of alpha 
rhythm : Left frontal, temporal and occipital antero-posterior leads. 
(1) Before DFP alpha frequency 10 cycles per second. 
Alpha frequency 8 cycles per second. 


Time interval marked =1 second. 
after 11 mg. DFP in seven days. 


(2) Twelve hours 
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Fic. 5.—Left parasagittal antero-posterior positions. 


(1) Before DFP. 


(2) Twelve hours after 13 mg. DFP. 


Slow activity at 4 to 5 cycles per second. This is the highest amplitude slow activity obtained in “ early ” 


records. 


A decrease in the frequency of the alpha rhythm 
by as much as 2 cycles per second was commonly 
observed ; this was present in the majority of 
records whether “ early” or “ late,’ and occurred 
equally in the two psychotic groups. 


All these changes usually disappeared within seven > 


days of the last injection. 

In general the EEG changes were much more 
marked in the manic depressive than in the schizo- 
phrenic patients, particularly in the appearance of 
slow activity (Table V). The records of the four 
schizophrenic patients who received the drug for a 
longer period eventually showed slowing of alpha 
rhythm, lowering of amplitude, and increased. theta 
activity. 


Normal Subjects.—In spite of the lower dosage of 
DFP and lesser cholinesterase inhibition, the same 
characteristic EEG patterns emerged in these 


subjects as in the psychotic patients. In the records 


(In (1) the apparent slow activity in the frontal lead is due to eye movement artefact.) 


of all six cases there was a lowering of alpha fre- 
quency. All “ early ’ records showed a lowering of 
amplitude, which in only one case persisted beyond 
the 24-hour period. The “ late’ records showed a 
characteristic increase in amplitude. Slow activity, 
most marked in both post central areas, was evident, 
particularly in “ late ’’ records, but the response to 
hyperpnoea was increased in only two subjects. 
There was no increase in fast activity.* 

In ‘an attempt to administer a total dosage of 
DFP comparable with that given to the psychotic 


* In one of these subjects (aged 41) preliminary EEGs showed 
generalized bilaterally synchronous slow activity at 7 cycles per 
second. Frequent, paroxysmal bursts of bilaterally synchronous high 
voltage 3-5 cycles per second activity increasing in amplitude and 
decreasing in frequency were associated with high voltage fast activity 
and “‘ sharp waves.” There was gross instability on hyperpneea. The 
appearances were considered to be strongly suggestive of epilepsy. 
In this case the “‘ early ” record, except for its slowed alpha rhythm, 
was much more “‘ normal ” than the preliminary records, there being 
no mixed fast and slow discharges. The “late” record showed 
a considerable increase in generalized theta activity and some return 
of the paroxysmal activity. 
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TABLE V 
INCIDENCE OF MAIN EEG CHANGES 








Manic Schizo- 
Depressives __ phrenics 
(9 cases) (13 cases) 
Lowering of alpha fre- | 
quency ... ee at 7 | 11 
Changes in amplitude and | 
alpha dominance ais 8 5 
Slow activity i vee | 8 2 
Increased instability on | 
hyperpneea we 6 1 (6 cases) 





patients, atropine was administered in conjunction 
with DFP to four additional normal subjects. 
As a preliminary measure atropine sulphate was 
administered subcutaneously to these subjects in 
doses of 0-8 to 5-0 mg., and a total of 14 EEG 
records was taken covering the period from 15 
minutes to 4 hours after an injection. 

The most characteristic effect of atropine on the 
EEG closely resembled the appearances produced 


by the early stages of sleep (Fig. 9). At the beginning 
of the records there was often a slight increase in 
amplitude, but almost invariably (in 13 of 14 records) 
there developed a gradual, but intermittent lowering 
of amplitude and increase in irregular slow activity. 
Occasionally this was associated with subjective 
drowsiness, but more frequently the subjects strongly 
denied drowsiness and the abnormality remained 
when the eyes were opened and during the early 
stages of hyperpnoea when the subject was presum- 
ably alert. Occasionally the slow activity was present 
without decrease in amplitude, and was interspersed 
with normal alpha rhythm. 
records the alpha frequency was increased to $ to 1} 
cycles per second. There was no marked change in 
the response to hyperpneea, though with high doses 
there was usually a slight increase in instability. 
DFP was then administered daily, atropine being 
given concomitantly in doses of up to 5 mg. Two 
subjects tolerated 13 mg. DFP, one 11 mg., and the 
remaining subject developed an intercurrent infection 
after 7 mg. when the drug was discontinued. During 
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Fic. 6.—Response to hyperpneea in “ early” record: Transverse temporo-central leads. Arrow indicates end of 
(1) Before DFP (blood sugar 120 mg.). 
Patient aged 37 years. 


3 minutes voluntary hyperpneea. 
13 mg. DFP in seven days (blood sugar 121 mg.). 


(2) Instability eight hours after 
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the period of administration of the two drugs the 
EEG showed the changes characteristic of DFP. 
The effect of withdrawing both drugs was similar to 
that seen in the “ late’’ records after DFP alone, 
but was more marked and persisted for at least 10 
days. 


DISCUSSION 


The fall and subsequent rise in amplitude were the 
most characteristic effects of DFP on the EEG. 
We have also observed marked lowering of ampli- 
tude in a small series of myasthenic patients under 
long-term treatment with DFP (1-2 mg. twice 
weekly). In the records of all our cases (psychotic, 
normal, and myasthenic) these findings were con- 
siderably more striking than the occasional appear- 
ance of slow activity. Grob and others (19475) also 
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reported an increase in potential after DFP, but 
do not appear to have observed a preliminary 
decrease in amplitude. 

Lowering of amplitude of the electrocorticogram 
has been produced in animals by local application of 
DFP to the cortex, by intravenous injection, and 
also by intracarotid injection of the drug in doses 
insufficient to produce systemic effects (Hyde and 
others, 1949 ; Wescoe and others, 1948 ; Freedman 
and others, 1949). Acetylcholine, when applied 
locally to the cortex, may produce convulsive spikes 
(Brenner and Merritt, 1942), but these are often 
preceded by a period of cortical depression ; indeed 
depression of cortical activity may be the only 
phenomenon observed (Forster and others, 1946 ; 
Bornstein, 1946). The analogy between these 
findings and our EEG results is striking and 
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Fic. 7.—Typical appearance of “late” record: Left frontal, temporal and occipital antero-posterior leads. 


(1) Before DFP. 


(2) Forty-eight hours after last injection of DFP. 


Alpha rhythm shows increase in 


amplitude and is of lower frequency. Irregular, moderate voltage slow activity (2 to 7 cycles per second) is 


seen in all leads. 
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suggests the possibility that the changes in amplitude 
may be related in some way to the anticholinesterase 
effect of DFP in the brain. 

On the other hand the systemic effects of DFP, 
in particular its action on the cardiovascular system, 
must be carefully considered in relation to these 
EEG changes. There is evidence that cerebral 
vasodilation can be produced by parasympathetic 
stimulation, by acetylcholine or by eserine (Popesco, 
1945; Baruk and others, 1948; Chorobski and 
Penfield, 1932 ; Cobb and Finesinger, 1932 ; Miller 
and others, 1940). Furthermore an association has 
been established between cerebral vasodilation and 
depression of cortical activity (Leao, 1944 ; Darrow 
and others, 1944). Similarly, cerebral vasoconstric- 
tion, shown to be produced by adrenalin and by 


* 





sympathetic stimulation may be associated with 
increased cortical potential (Forbes and others, 
1933 ; Popesco, 1945 ; Darrow and others, 1942). 
The relatively rapid reversal of the cortical depres- 
sion in our cases is possibly more readily explained 
by a mechanism of this nature than by changes in 
the cholinesterase activity of the brain. 

The possibility that the lowering of amplitude was 
due to anxiety is excluded since, although the drug 
produced mental depression, there was no evidence 
of any increase in anxiety in our subjects. 

Grob and others (1947) reported the appearance 
of “* slow waves (3 to 6 per second) of high voltage, 
usually most marked in the frontal leads ... similar 
to those seen in patients with grand mal epilepsy.” 
In our “ early ” records the slow activity was of low 
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Fic. 8.—Response to hyperpneea in “late” record: Same case as Fig. 7. Transverse temporo-central leads. 
Arrow indicates end of three minutes’ voluntary hyperpncea. 
last injection of DFP. 


(1) Before DFP. (2) Forty-eight hours after 
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voltage and occurred infrequently, and there was no 
finding which could be interpreted as suggesting an 
epileptogenic action of the drug (see also footnote 
page 53). In the “late” records, although the 
slow activity was of higher voltage, it was irregular, 
did not occur paroxysmally, and was not associated 
with high voltage fast activity. 

It is not possible from the available evidence to 
decide whether the slow activity is to be attributed to 
cholinesterase inhibition, vascular changes, or to 
some other effect of the drug such as fluid retention. 
There was no direct relationship between the degree 
of inhibition of red cell cholinesterase and the 
incidence of slow activity in different cases. 

Lowering of alpha frequency occurs in such a wide 
variety of conditions in which cerebral metabolism 
is disturbed that it is difficult to assess its significance 
in our cases. It may possibly have been due to 
vascular changes, and is in contrast with the 
increase in alpha frequency which occurred after the 
administration of atropine. 
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The remarkable resemblance of the effect of 
atropine on the EEG to that of the early stages of 
sleep has been previously reported by Gibbs and 
others (1937). These authors also emphasized that 
their subjects were not drowsy ; in fact in a number 
of our cases atropine produced a state of mild 
euphoria and excitement. Despite the large doses of 
atropine used it was not possible to counteract 
completely either the systemic effects of DFP or 
its effects on the EEG. It is not clear whether the 
pronounced EEG change on withdrawing both 
drugs is related to the previous administration of 
atropine or to the higher dosage of DFP used in 
these normal subjects. 


Mental Changes 


Psychotic Patients.—In 12 patients, whose case 
records are presented in the appendix, significant 
mental changes occurred which were different in 
the two psychotic groups. 

In 6 of the 17 schizophrenic patients a most 
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Fic. 9.—Left antero-posterior parasagittal leads. 


subject not drowsy. 


(1) Before atropine. 


(2) One hour after 2°5 mg. atropine, 
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pronounced mental effect was observed. This con- 
sisted of an “ activation’ of the psychosis, or the 
reappearance in chronic cases of the florid symptoms 
which had characterized the onset of the illness. 
Bizarre behaviour, thought disorder, ideas of 
reference, and aural hallucinations were increased, 
without evidence of impairment of consciousness. 
These changes persisted for a number of months 
after the withdrawal of DFP. One schizophrenic 
case (E. O’C.) showed marked improvement which 
was associated with diminution of anxiety. In 
the remaining 10 schizophrenic cases no significant 
mental changes were observed. 

Of the manic depressive group, the two cases who 
were mentally normal at the time of the administra- 
tion of the drug showed only slight mental changes 
which were comparable to those observed in normal 
subjects. Both patients complained of sleeplessness 
and increased dreaming ; in one the dreams were 
unusual and fascinating, in the other they were 
nightmares. One was also slightly depressed, 
truculent, and abrupt in speech. All these symptoms 
disappeared after the withdrawal of the drug. 

Two of the six hypomanic cases were unaffected 
by the drug and one of these three months later 
developed a moderately severe depression. In the 
remaining five cases (four hypomanic and one 
depressed) significant mental changes occurred, 
which indicated a marked depressant effect of the 
drug. Two hypomanic patients (C.R. and A.B.) 
improved considerably during administration of 
DFP and thereafter recovered completely. One 
case of hypomania with schizophrenic symptoms 
(A.J.) received two separate courses of DFP and 
showed, on both occasions, marked improvement 
during the period of administration of the drug, but 
relapsed when the drug was withdrawn. One patient 
(R.B.), who suffered from recurrent mania, but was 
almost normal before and during administration of 
DFP, became maniacal two days after its with- 
drawal, and remained so for four weeks. In the one 
depressive case (V.F.) a profound deepening of the 
depression occurred during administration of DFP. 


Normal Subjects.—In these subjects a very charac- 
teristic mental picture of depression, irritability, 
lassitude, and apathy appeared even before the onset 
of unpleasant physical symptoms. They looked 
dejected and felt unhappy. Their activity was 
retarded, and they talked little and despondently. 
There was a diminution, rather than an increase, of 
tension ; they developed a ‘‘ don’t care” attitude, 
lost interest and concern for the feelings of others, 
and at times were markedly irritable. The depression 
was associated with a slowness, or poverty of thought, 
without disturbance of orientation, memory, or 


intellectual ability. Raven’s matrices tests before 
and during the administration of DFP indicated a 
considerable increase in the time necessary to com- 
plete the test, but no significant change in actual 
score. In addition a number of other symptoms were 
observed which have also been reported by Grob and 
others (19475). These were lassitude by day, and 
insomnia and restlessness at night, with excessive 
dreaming. The emotional lability and tremor 
reported by these authors were not common in our 
patients, and paraesthesias and visual hallucinations 
did not occur. 

Atropine in doses of 1 to 5 mg. produced quite a 


~ marked euphoria. It also partially counteracted the 


depressant effect of DFP. 


DISCUSSION 


In the schizophrenic cases showing activation of 
the psychosis the change in the clinical picture was 
profound. A number of facts show that this effect 
was not a form of delirium. Disturbances of 
orientation were not marked ; the mental state pro- 
duced was characteristic of the psychosis and of 
each patient’s early symptomatology; EEG 
records did not show the effects characteristic of 
delirium ; and the mental changes persisted long 
after the physical symptoms had subsided. It is 
possible that the activation may be related to the 
anticholinesterase action of the drug on the brain. 
This effect, however, is in direct contrast to the 
improvement in schizophrenic subjects produced by 
intravenous injections of acetyl choline as reported 
by Fiamberti (1946). 

In manic depressive patients, and also in normal 
subjects, depression was undoubtedly the most 
characteristic mental change produced by DFP. 
It will be seen from our case records that the depres- 
sion was not due merely to the presence of unpleasant 
physical symptoms. It is also evident that the 
opposite effect may be produced by withdrawing the 
drug (Cases R.B., A.J.). Our findings suggest that 
DFP may possibly be of therapeutic value in some 
manic patients if it is given in repeated small doses 
and withdrawn gradually after improvement has 
been obtained. 


Summary and Conclusions 


In 17 schizophrenic patients, 9 manic depressive 
patients and 10 normal subjects, the effects of DFP 
given intramuscularly in doses of 1 to 2 mg. daily 
have been studied. Observations have been made of 
the effect of the drug on the cholinesterase activity 
of the blood, and on the physical and mental state of 
the patients. Electroencephalographic studies have 
also been carried out. The mean values for red cell 
and plasma cholinesterase activity obtained before 
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DFP treatment were not significantly different in 
the three groups of subjects. Administration of the 
drug produced marked inhibition of both types of 
cholinesterase activity, and the levels of inhibition 
were comparable in the two psychotic groups. 

When DFP was administered for a period of 
seven days in a total dosage of 13 mg. characteristic 
physical effects were produced, particularly on the 
gastrointestinal tract and on the cardiovascular 
system. These were considerably less marked in 
schizophrenic than in manic depressive and normal 
subjects. There was a marked difference in the blood 
pressure responses of the two psychotic groups. 
The possible significance of these findings is dis- 
cussed. 

A number of electroencephalographic changes are 
described, the most characteristic of which is 
lowering of amplitude associated with diminution 
of alpha activity. Approximately 24 hours after the 
withdrawal of DFP, however, an increase of 
amplitude with increased dominance and spread of 
the alpha rhythm was seen. No evidence of an 
epileptogenic action of the drug was observed. 
The incidence of EEG changes was much greater 
in normal and manic depressive subjects than in 
schizophrenic subjects. Atropine in doses of 1-5 mg. 
subcutaneously, produced changes in the EEG 
almost indistinguishable from those of the early 
stages of sleep and did not counteract the effects of 
DFP on the EEG. 

The mental changes produced by the drug are 
illustrated by case records (appendix). A character- 
istic depressive effect was observed in manic depres- 
sive patients and in normal subjects. In a number 
of schizophrenic patients, on the other hand, an 
activation of the psychosis occurred which was not 
associated with disturbances of consciousness. 
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APPENDIX 


Schizophrenic Group 


Case G.P.—This patient was a man aged 38, with 
paranoid schizophrenia of onset in 1938. 

A quiet, meticulous, highly imaginative child, G.P. 
was always the butt of family ridicule and dependent on 
his mother. On leaving school in the top class he made 
few friends of either sex and was unable to keep a 
permanent job. On the death of his mother in 1939 
he turned to spiritualism and formed a strong homo- 
sexual attachment. Gradually he developed mild ideas 
of reference centred on his femininity, and by 1942 he 
had developed delusions of persecution and ideas of 
influence by spirits which provoked aggressive outbursts. 
By day he was garrulous, self-assertive, sarcastic, and 
resentful ; at night he could not sleep and walked about 
talking to himself. He was admitted to hospital in. 
May, 1944, by which time his conversation had become 
grossly disconnected and it was evident that he was 
aurally hallucinated. During the past four years the 
overt hostility and resentfulness had gradually dis- 
appeared ; he had become dull. apathetic, and slightly 
perplexed but automatically obedient. Intermittently 
he made attempts to mutilate himself. His conversation, 
although considerably more coherent was still discon- 
nected, wandering, evasive, superficial, and mainly 
concerned with requests for transfer. 


PATIENT : “ I’ve had a lot of torment, a terrific amount 
of torment, but I’ve managed to keep my senses 
and still know what I’m supposed to do, Sir. It’s 
so embarrassing. I'll have to ask you again.... 
People I’ve known come here trying to get me 
away .... It’s only so local people can find me. 
Could I have a transfer, please ? ” 


In March, 1948, he received 13 mg. DFP over the 
course of seven days. Nausea and later vomiting were 
severe, and auricular fibrillation developed without 
evidence of cardiac failure. On the sixth day a marked 
mental change was evident. He became extremely 
restless, crawling under his bed, complaining that it was 
moving up and down, banging his head with his fists 
and knocking it against the wall. He passed feces in 
his bed and smeared them over himself, tore off his 
clothes and stood naked, adopting strange postures. 
His speech became rapid and grossly incoherent. 


PATIENT : “‘ Please say what you have to say ... . lend 
me a fag... . don’t leave... . let’s play fair 
.... for bread....sit on the floor... . I'll sit on 
the floor... . they do know without being shown 
....there’s no Disraeli... . I don’t want anything 
atall....why don’t you play fair... . thank you, 
Sir .... thank you for a wonderful life . . . . a suit 
of clothes and I can walk out....thank you, God.” 


Questioning had little influence on this babble of 
phrases and his replies were mainly irrelevant. His 
usual perplexity was greatly accentuated ; he became 
anxious, bewildered and frightened, frequently pleading 
for help. His attitude to the male nurses was overtly 
homosexual. There was no objective evidence of visual 
hallucinations. Assessment of his state of consciousness 


was difficult. but he seemed to know that he was in a 
hospital ; he commented on recent events in the ward 
and did not misname the medical staff. His EEG 
remained normal throughout. 

After the withdrawal of the drug there was some 
gradual improvement in the degree of thought disorder, 
but for at least eight months the patient has remained 
anxious, depressed, and in a state of fluctuating excite- 
ment, dirty, mutilating himself, and tearing bedclothes. 


Case R.G.—This patient was a man aged 32 with 
hebephrenic schizophrenia of onset in 1942. 

R.G. was of average intelligence and a pleasant shy 
disposition, and had worked satisfactorily as a low paid 
clerk. In 1942 he sustained a severe gunshot wound of 
the arm. Two months later, during convalescence, it 
was noted that he was apathetic, childish, and manner- 
istic. He developed delusions of persecution, lost all 
insight, and pulled the dressings off his wound. He was 
invalided home and on his admission to hospital in 1943 
he was untidy, wetting himself, and dribbling. His 
behaviour was strange; he was distractible, off-hand, 
restless, fidgety, and manneristic. He laughed foolishly 
and talked incoherently, was apathetic, aurally hallucin- 
ated, and almost inaccessible. 

Over a period of years he gradually became brighter, 
more accessible and alert. His habits improved and he 
did some ward work. He was able to put up a good 
social front, conversing readily but with extreme super- 
ficiality and loss of conceptualization. When on his 
own he giggled occasionally, swore to himself, and wrote 
cryptic phrases on books and magazines. 

This patient received 47 mg. DFP in 35 days. After 
30 mg., when the inhibition of red cell plasma and 
cholinesterase activity was 69% and 99% respectively, 
he became increasingly restless, and his behaviour 
(punching out, shouting, and sudden impulsive behaviour) 
Suggested an increase in aural hallucinations. He 
neglected himself and passed urine and feces in his bed. 
He was negativistic, truculent, irritable, and aggressive. 
His accessibility diminished and his speech became less 
coherent and more repetitive. He laughed frequently 
and inappropriately. (His EEG at this time showed 
only minimal abnormalities.) This state of severe 
deterioration persisted for 15 to 20 days after the with- 
drawal of DFP when he gradually returned to his 
previous condition. 


Case B.G.—This patient was a man aged 38 with 
paranoid schizophrenia of onset in 1940. 

In this patient “ process” symptoms developed 
insidiously on the basis of an eccentric schizoid person- 
ality. For the past four years he had been silent, 
withdrawn, immobile, and automatically obedient. 
During a long course of DFP, episodes of truculence, 
negativism and paranoid complaining occurred which 
were associated with periorbital cedema. These episodes 
persisted for several months after DFP therapy, 
gradually becoming less frequent. 
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Case G.H.—This patient was a man aged 40 with 
paranoid schizophrenia of onset in 1927. 

At first aggressive, deluded, and aurally hallucinated 
this patient had been for 10 years in a state of catatonic 
immobility, silent, and inaccessible. After DFP 
injections he became more active, excited, and impulsive. 
His shouting and aggressive behaviour suggested in- 
creased aural hallucinations. He returned gradually to 
his previous state six months after DFP treatment. 


Case J.F.—This patient was a man aged 36 with 
hebephrenic schizophrenia of onset in 1941. 

Throughout his illness he had been silly, grimacing, 
muttering, and constantly hallucinated. At first he 
had frequent episodes of excited destructiveness, but 
these had not occurred during the last four years. After 
DFP therapy he showed bizarre over-activity, aimless 
wandering, incoherent chattering, hostility and destruc- 
tiveness. Eight months later he had returned to his 
previous state. 


Case R.R.—This patient was a man aged 40 with 
simple schizophrenia of onset in 1930. 

During his long illness he had gradually become quiet, 
inactive and inaccessible, but tidy and cooperative. 
Several weeks after DFP therapy he showed rapid 
deterioration in habits ; he became dirty, slovenly, and 
dribbled from the nose and mouth. Eight months later 
there was no evidence of improvement. 


Case E.O’C.—This patient was a man aged 38 with 
hebephrenic schizophrenia of onset in 1937. 

Facile, inert, and apathetic, he was a ravenous eater 
who stole other patient’s food. He was an erratic and 
dilatory ward worker. His answers to questions were 
brief and irrelevant. Since triazol treatment in 1938, 
which was stopped because of extreme terror, he had 
shown objective signs of anxiety (tachycardia, sweating, 
dilated pupils, increased deep reflexes) particularly in 
the presence of doctors. After 13 mg. of DFP this 
response had largely disappeared, he talked readily, 
often spontaneously, though with marked thought 
disorder. He became an industrious and reliable 
worker, joined a patients’ social club, played whist, 
and was careful of his appearance. Eight months later 
he was still in this improved state although the somatic 
manifestations of anxiety were returning. 


Manic Depressive Group 


Case C.R.—This patient was a woman aged 54 with 
recurrent mania of onset in 1927. 

Her father, brother, and uncle are manic depressive. 
She has had three attacks of mania each lasting four to 
six months and for some years has been in partial 
remission, remaining elated, talkative, truculent, and 
unreliable. The last attack began four weeks before 


_the administration of DFP. She was elated, winking, 


grinning, singing, and gesturing. Her behaviour was 
absurd and uncontrolled; she was erratic and in- 
calculable and expressed delusions of persecution. 
After two weeks she had settled into a state of hypo- 
mania ; she was still elated, unpredictable, occasionally 
resistive and continuously laughing and talking at the 


time of the investigation. During the administration 
of DFP she became more composed and after the 
withdrawal of the drug she showed gradual further 
improvement, gained insight, became sober in behaviour 
and speech and was discharged from hospital three weeks 
later (i.e., 10 weeks after the onset of the attack). She. 
has since remained well and her husband reports that 
she is much calmer than in previous recoveries and 
appzars to have completely regained her normality. 


Case A.B.—This patient was a woman aged 38 with 
acute mania withschizophrenic symptoms of onset in 1948. 

A lively but rather intolerant, dogmatic extrovert of 
pyknic build, this patient had a distinguished academic 
career before her marriage 10 years ago. Her illness 

egan six weeks before the investigation with depression 
and irrational fears followed by over-activity, rather 
bizarre b2haviour, talkativeness, paranoid ideas, ideas 
of influence, feelings of passivity, and aural hallucina- 
tions. At the time of the investigation, although the 
rather bizarre paranoid delusions were less evident and 
there was no typical schizophrenic thought disorder, 
she was still hypomanic, talked loudly and continuously 
and was elated, impatient and grandiose. 

During and after the administration of DFP she 
became quieter in spzech and more sober in attitude. 
She gained insight into her delusions and was able to 
discuss sensibly the nature and possible causes of her 
illness. There remained a slight quaintness of ideation, 
circumstantiality, egotism and unwarranted exuberance 
which diminished sufficiently for the patient to be dis- 
charged from hospital six weeks after the withdrawal of 
DFP and 13 weeks after the onset of her illness. Her 
improvement continued and for ten months she has 
been mentally normal. 


Case A.J.—This patient was a woman aged 27 with 
recurrent mania with schizophrenic features ; onset, 
1939. 

She was a bright, demonstrative, histrionic extrovert 
of asthenic build. Her first attack lasted seven months 
and after prolonged narcosis she recovered completely 
for six years. Her second attack in July, 1946, was 
temporarily relieved by E.C.T. but she relapsed two 
months later. In September, 1947, there was a gradual 
swing to depression, followed by a rapid return to a 
maniacal state in October, 1947. 

Six months later, at the time of the investigation she 
was Over-active, interfering, distractible, and constantly 
talking in an over-familiar manner with marked flight 
of ideas. Her speech was fragmentary to the point of 
incoherence with occasional symbolizations. She was 
fatuously elated and expressed ill-formed bizarre 
delusions largely of a somatic nature. 

During the administration of DFP a marked sobering 
effect was observed. Her talk was less rapid and more 
coherent, but there was some poverty of thought. 
(‘“* Muscarinic ’” symptoms at this time were moderately 
severe.) On the withdrawal of DFP she immediately 
returned to her previous state of hypomania. Two 
weeks later DFP was given again in daily doses of 
1 mg., and its administration continued for three weeks. 
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No unpleasant *‘ muscarinic’ symptoms occurred with 
this dosage. After 5 mg. had been given improvement 
was again evident ; she became quiet and subdued, but 
was Slightly irritable and verging on depression. Her 
sleep was deep and unbroken. Her speech was quiet 
and collected, with some bewilderment but no evidence 
of distractibility. Her brief, superficial replies to 
questions, however, indicated a marked poverty of 
thought, and she was apathetic, disinterested, and lacked 
ambition. Her mild delusions persisted unchanged. 

Within 48 hours of the withdrawal of DFP she 
returned to a state of mania during which she ran about 
the ward singing, stripping naked and urinating on the 
floor. She was again distractible, facetious and mis- 
chievous, talking rapidly and disjointedly, and frequently 
bursting into hilarious laughter. She remained in this 
state for several weeks and thereafter gradually returned 
to her previous state of hypomania. 


Case R.B.—This patient was a woman aged 51. 

A plump, jolly extrovert, she had her first attack of 
mania in 1934 following severe marital stress. Since 
that time increasingly frequent attacks of mania had 
occurred, sometimes followed by short periods of 
depression. Although mildly hypomanic between at- 
tacks, for the majority of the time she had been able to 
work for periods of several months as a cook. The 
attacks of mania were characterized by over-activity, 
distractibility, talkativeness and affective lability with 
marked elation, periods of weeping, and irritability. 
Her talk was irrelevant and consisted of detached and 
apparently disconnected sentences. Disorientation, 
aural hallucinations, and paranoid ideas had also been 
noted. The attacks usually lasted about eight months. 
The shortest interval between attacks had been 12 
months and the last attack ceased two months before 
the investigation. 

Before the administration of DFP the only abnormal 
features were slight fidgetiness, loquacity, and lability of 
affect ; her spzech, though rapid, was careful, coherent, 
and rational. During the course of injections she 
complained of slight depression, sleeplessness, and 
nightmares, but there was little objective evidence of 
mental change. 

Two days after the withdrawal of DFP the patient 
became excited, violent and noisy, screaming and 
singing, destructive and refusing food. She was 


euphoric and distractible, garrulous and incoherent, her 
speech consisting of disconnected phrases. 


She was 


disorientated, felt that everything about her was 
mysterious and misinterpreted identities. There was 
evidence of aural and visual hallucinations. 

This state of maniacal excitement persisted for four 
weeks after which it gradually abated leaving the patient 
in a fluctuating hypomanic state slightly worse 
than before the injections. The EEG at the 
termination of the course of injections (i.e., two days 
before the onset of the manic episode) showed lowering 
of amplitude, a moderate excess of parieto-occipital 
slow activity and slowing of the alpha frequency. Three 
weeks after DFP was stopped, when the patient was 
still severely disturbed, the EEG was normal. 


Case V.F.—This patient was a woman aged 48 with 
involutional depression with paranoid features; onset 
July, 1947. 

She was a plump, cheerful, married woman with two 
children who had had amenorrheea for several months 
before the onset of her illness. Depression, insomnia, 
lassitude, guilt feelings and religious preoccupation, 
with mild paranoid ideas were associated with severe 
loss of weight. Electro-convulsive treatment had been 
followed by a partial remission lasting 10 weeks. A 
relapse in January, 1948 was characterized by increasingly 
severe agitation and depression, and also by suspicion, 
delusions of persecution, passivity feelings, bizarre 
somatic delusions, derealization and aural and visual 
hallucinations of a religious nature. She appeared 
composed but discussion of her delusional ideas produced 
weeping, suffusion of the face, agitation and dejection. 

During the administration of DFP for one week 
there was no significant change in her mental condition. 
A second course of DFP was begun one month later 
in doses of 1 mg. daily. With this dosage no ‘*‘ muscar- 
inic”’ symptoms occurred. A deepening of the de- 
pression soon became obvious. She was continuously 
agitated, dejected, wept quietly and frequently, neglected 
herself and refused food. She rarely moved, her speech 
was limited to one word answers, and she could not sleep 
without a sedative. She believed she had to die or be 
tortured, and refused food for this reason. There was 
no disturbance of orientation and her EEG at this 
time was normal. The withdrawal of DFP was 
followed by partial improvement: she was able to get 
up, took some care of her appearance, and ate more 
readily. Her condition thereafter remained essentially 
unchanged. 
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CASE REPORT: DERMOID CYST OF THE FRONTAL LOBE 
WITH INTRAVENTRICULAR RUPTURE 


BY 


DOUGLAS MILLER 
Sydney 


'ntracranial dermoid tumours are rare, and in 
most reported cases they have been situated in the 
posterior cranial fossa. This case presented many 
puzzling clinical and diagnostic features. 


Case History 


A man, aged 30, gave a two-year history of seizures 
associated with generalized twitching lasting a few 
seconds and followed by deep sleep for about one hour. 
The attacks always occurred at night. In all there had 
been about six. There was a history of ‘ convulsions ”’ 
in infancy and “ fits ” as a schoolboy, and of progressive 
mental deterioration during the past year. The patient 
had been unable to work, and recently could not be 
allowed to go out alone. He had complained of frontal 
headaches for six months. 

On examination he was quite alert but showed an 
extreme degree of mental deterioration. He did not 
know the day, or where he was, nor could he give any 
account of himself. He was totally dependent on his 
wife. 

The ocular fundi showed some 
blurring of the disc margins. 
He had a slight tremor of both 
hands and poorly coordinated 
movements of the left leg. He 
was unsteady on his feet, tending 
to stagger to either side. Other- 
wise his central nervous system 
was normal. Lumbar puncture 
showed a pressure of 150 mm. 
water; 85 cells per c.mm. (half 
polymorphs and half lympho- 
cytes); 260 mg. of protein per 
100 c.cm. 

Ventriculography showed a 
marked increase in pressure and 
ventricular capacity. At the end 
of the ventricular aspiration, the 
syringe became filled with white 
opaque oily material from both 
ventricles. The radiographs 
showed an_ extreme _hydro- 
cephalus (Figs. 1 and 2) with 
good filling of the third ventricle 
and the upper part of the 
aqueduct. The intraventricular 
cerebro-spinal fluid showed 3 Fic. 


cells per c.mm. and 250 mg. of protein per 100 c.cm. 

At this stage we assumed that only a dermoid cyst 
could explain the picture and that it was likely to be in 
the posterior fossa. Immediate exploration proved to 
be negative. A polythene tube was then inserted into 
the lateral ventricle for external drainage, but it was only 
on further study of the ventriculograms that a vague 
outline of the cyst was recognized (Fig. 1), as it was filled 
with air and communicated with the anterior horn of the 
right lateral ventricle. On the plain radiographs nothing 
of the cyst could be seen. 

The patient’s condition quickly deteriorated and he 
died in a few days without having rallied sufficiently for 
anything further to be done. 

Necropsy revealed a dermoid cyst in the right frontal 
pole (Fig. 3) reaching the surface at the outer side of the 
gyrus rectus. This cyst communicated with the anterior 
end of the right lateral ventricle. It contained fatty 
debris and some hair. There was a generalized ependy- 
mitis of the ventricles which looked coarsely granular, 
and became most marked in the aqueduct. The 
aqueduct was completely blocked by swollen and 





1.—Ventriculogram (lateral view) showing air in the cyst. 
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« and it is interesting to attempt to explain the various 
stages of the clinical picture. Presumably the “ fits ” 
which began during childhood may be attributed 
to the dermoid acting as an epileptogenic focus. i 
The progressive mental deterioration, which was 
a very marked feature, may well have been caused 
by a slow leak of the cyst contents into the ventricle 
and the resulting chronic ventriculitis. Then, 
during the last six months of life, headaches super- 
vened and were probably attributable to the pro- 
gressive ventricular obstruction occurring as the 
result of the polypoid hypertrophic reaction in the 
aqueduct. 

Howard Brown (1947), in reporting a rather 
similar case, had not found in the literature a record 
of any other such case. He thought that the 
hydrocephalus was probably due to the mechanical 
result of debris obstructing the iter. In the present 
case the obstruction was shown to be due to an 
inflammatory ependymal thickening in the region 
of the aqueduct. 
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Fic. 2.—Ventriculogram (antero-posterior view). 





hypertrophic ependyma 
which looked like a 
polypoid tumour (Fig. 
4). 

Microscopical exa- 
mination of the cyst 
showed that in most 
areas the lining was 
degenerate and_ re- 
sembled a _ chronic 
abscess, but in other 
parts squamous epithe- 
lium was recognizable 
(Figs. 5 and 6). The 
lining of the ventricles 
showed a great infil- 
tration of small inflam- 
matory cells, and the 
polypoid mass in the 
aqueduct had the ap- 
pearance of a small 
abscess. 
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Discussion 
In this case the 
dermoid cyst had 
discharged spon- 
taneously into the . 
ventricular system, Fic.3.-Sectionofthe brain showing the frontal dermoid cyst communicating with the ventricle. 
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Fic. 4.—Section through the aqueduct 
in which a polypoid mass can be 
seen at the side of the obstruction. 


Fic. 5.—Hair follicles in the wall of the 
cyst with areas of inflammatory 
reaction containing foreign-body 
giant cells. 


Fic. 6.—Wall of the cyst in which 
calcification is also evident. 
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THE VALUE OF STREPTOMYCIN IN THE SURGICAL TREATMENT 
OF INTRACRANIAL TUBERCULOMA* 
BY 
S. OBRADOR and P. URQUIZA 


From the Institute of Neurosurgery, Madrid* 


Although the incidence of intracranial tubercu- 
loma has greatly diminished in recent years, there 
are some countries where these lesions still represent 
an important neurosurgical problem. The subject 
has been discussed at recent meetings of the Spanish- 
Portuguese Society of Neurosurgery (Barcelona, 
April 1948) and the Society of British Neurological 
Surgeons (Dublin, July 1948). In Portugal and 
Spain the incidence of intracranial tuberculoma 
is very high, and Imaginario (1949) found that they 
represented 6 per cent. of the intracranial tumours 
verified in Lisbon. In Ireland, Lanigan (1948) 
mentioned a frequency of 5 per cent. of the brain 
tumours of McConnell’s series, and according to 
the figures of Asenjo and others (1947), the propor- 
tion is even higher in Chile and in Mexico. 

In the last two years we have collected sixteen 
verified intracranial tuberculomata in our own 
material in Madrid, which represent nearly 10 per 

*Communication to the Fourth International Neurological 
Congress, Paris, Septemter, 1949. 

+ From the Medical Clinic of Professor Jiménez Diaz. 


cent. of our cases of expanding intracranial lesions. 
Experience of the surgical treatment of intra- 
cranial tuberculoma has been on the whole 
disappointing. In the majority of cases where a 
tuberculoma was totally or partly removed tuber- 
culous meningitis developed in the course of a few 
months and ended fatally. This bad prognosis was 
especially true of tuberculomata of the posterior 
fossa. Fear of spreading the tubercle bacilli into 
the cerebrospinal fluid led many neurosurgeons to 
practise simple decompressions. But even after 
such restricted operations there was a high late 
mortality. On the other hand it is often difficult 
to recognize the tuberculous nature of the lesion 
until a removal of tissue has been carried out. 
Thus some neurosurgeons prefer radical operations 
in spite of the risks of spreading the disease to the 
leptomeninges. Although in the literature there 
are isolated examples of recovery following removal 
of tuberculomata from the cerebellum and cerebral 
hemispheres, the mortality rate has been on the 
whole very high, over 50 per cent. in some series. 


TABLE 
RESULTS OF TREATMENT IN TEN CASES OF CEREBRAL TUBERCULOMA 





Surgical treatment alone 





Surgical 
Surgical treatment treatment and 
and streptomycin 
intrathecal streptomycin (intramuscular 


and intrathecal) 

















-aT No. Causes No. Causes No. 
Localization of Recoveries of of Recoveries of of Recoveries 
cases death cases death cases 
Infratentorial .. 2 0 Postoperative 1 0 Generalized - - 
tuberculous tuberculosis 
meningitis but not in 
meninges 
Supratentorial .. 1 l — — — — 1 1 
Multiple .. 7 1 0 Increase of — — — — — 
intracranial 
pressure after | 
vetriculostomy | 
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Fic. 3.—Chart showing the changes in cells and total protein of the cerebrospinal fluid following the 
removal of a subtentorial tuberculoma and the treatment with streptomycin during the post-operative period. 


The attitude of the neurosurgeon towards these 
lesions has been completely changed in the last two 
years by the use of streptomycin. The situation 
can be compared to the change brought about by 
penicillin in the surgical management of pyogenic 
brain abscesses. It seems that the spread of 
tuberculosis to the meninges cari be prevented by 
streptomycin, and therefore the neurosurgeon can 
attempt the radical removal of cerebral tuberculo- 
mata without his previous fears. 

From our material of sixteen cases of tuberculo- 
mata we present the results of treatment in the first 
ten cases for comparison of those operated on 
with and without streptomycin. The immediate 
and late results can be studied in this group, as they 
have been followed up from one to one and a half 
years after operation. The other six patients, who 
are not included in this report, all had tuberculomata 
of the cerebellum. Two of them died as a result of 
the operation, and the other four, also treated by 


‘Streptomycin, are not included because the follow-up 


period has not yet been long enough to assess the 
result. 

The Table gives a summary of our results in the 
first ten cases. 

It is a striking fact that five cases of cerebral 
tuberculoma treated surgically and with strepto- 
mycin, given both intramuscularly and intrathecally, 
recovered completely, especially as in four of these 
the tuberculoma was in the posterior fossa; the 
results compare very favourably with those previously 
obtained in cases which were treated by operation 


only. Owing to difficulties in obtaining sufficient 
supplies of streptomycin one of our early cases was 
given the drug intrathecally only, and although this 
patient died three months after the operation from 
generalized tuberculosis, there were no signs of 
meningitis at autopsy. 


Surgery 


The surgical removal of tuberculomata is some- 
times very easy when they are not deeply situated. 
Sometimes they are large, but can be removed intact 
without great difficulty. The bed of the tubercu- 
loma is usually formed by degenerated brain tissue 
with slight vascularization which is aspirated during 
removal. But the surgical problem is not always 
so simple. Sometimes the lesions of the cerebellum 
are very deep, growing towards the fourth ventricle 
or higher up in the area of the tentorium and brain 
stem, and there may then be great difficulty in 
removing the tuberculoma. In those deeply situated 
lesions of the posterior fossa it is necessary to carry 
out a piecemeal removal in the same way as is done 
with tumours. There does not seem to be any 
obvious difference between the ultimate results of 
total or piecemeal removals, and in this series of 
the four recovered infratentorial tuberculomata two 
were removed in one piece and the other two in 
fragments, although every effort should be made to 
do the removal in one piece where conditions permit. 
Figs. 1 and 2 show some of the tuberculomata of our 
series. 








Fic. 1.—Examples of four 
tuberculomata removed in te 1.cm. —4 
toto from the cerebellum. 


_ 


Fic. 2.—Specimens of four 
tuberculomata which were 
removed in pieces due to 
their deep situation in the 
brain tissue. 
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Fic. 4.—Another example of the variations of the number of cells and the amount of protein 
in the fluid during the treatment with streptomycin after the operative removal of a tuberculoma. 


Postoperative Treatment with Streptomycin 


The postoperative treatment with streptomycin 
was carried out by intramuscular and intrathecal 
injections. The drug was given intramuscularly in 
daily doses of 1 g. during periods varying from 
forty-three to seventy-eight days. The injections 
into the cerebrospinal fluid were given by the intra- 
ventricular or lumbar route for thirty-five to sixty 
days after the operation, usually in doses from 50 
to 100 mg. daily during the first four weeks of 
treatment, and afterwards every other day. Studies 
of the cerebrospinal fluid were made during the 
course of the treatment, and in most cases a pro- 
gressive diminution of the number of cells and the 
amount of protein was observed (Fig. 3), but these 
values may show some irregular variations (Fig. 4) 
which may be due to the action of the drug injected 
in the cerebrospinal fluid, and perhaps to other 
factors such as the presence of blood in the cerebro- 
spinal fluid. However, the general tendency was 
towards a slow return to the normal cell and protein 
content, while the figures for chlorides and glucose 
in the spinal fluid have not been noteworthy in our 
cases. 


In general our tendency has been gradually to 
reduce the length of postoperative treatment with 
streptomycin after the removal of tuberculomata. In 
our most recent cases, which are not included in 
this communication, we have given daily intra- 
muscular doses of 1 to 2 g. for one month, and 50 
mg. intrathecally during each of the first ten days, 
followed by injections of 50 mg. every other day 
for the next ten days and then three times a week 
in the final ten days. The cerebrospinal fluid is 
examined every ten days during the treatment and 
one month afterwards. This general short plan is 
of course modified according to the peculiarities of 
each case. A study of the reaction of the patient 
to high dilutions of tuberculin may also provide 
useful information. 


We believe that our experience shows conclusively 
the great value of streptomycin in avoiding post- 
operative tuberculous meningitis after the removal of 
intracranial tuberculomata. This highly protective 
effect is of immense value in the surgical attack on 
these lesions. However, the evolution and final 


outcome of the individual case with an intracranial 
tuberculoma depends on several factors : first, the 
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site of the lesion and the possibility of removing it 
without great surgical risk ; secondly, whether the 
lesion is single or multiple. It seems that tubercu- 
lomata are more often solitary than multiple. In 
thirty cases studied by Imaginario, twenty-four were 
solitary ; and, of these, sixteen were in the cere- 
bellum. We have seen autopsies in five cases of 
cerebral tuberculomata, and four of these were 
solitary lesions of the cerebellum. Finally, the 
general condition of the patient and the presence of 
active tuberculous lesions in other organs is of 
extreme importance, for a patient may be cured of 
an intracranial tuberculoma and the meningeal 
spread prevented by streptomycin, but may yet die 
later of other tuberculous lesions. It is also very 
probable that some patients from whom we remove 
tuberculomata which give focal or intracranial 
pressure symptoms may have other silent tubercu- 
lomata which may cause late complications. 


Summary 


The surgical treatment of intracranial tubercu- 
lomata has in the past been very unsatisfactory, as 
most cases developed fatal tuberculous meningitis 
shortly after the operation. 

In Spain tuberculomata are still very frequently 
found, and in our experience represent nearly 10 per 
cent. of brain tumours and other expanding lesions. 
From a group of sixteen cases of tuberculomata, 
the results are given of the first ten cases with a 


sufficiently long follow-up period. Four patients 
received only surgical treatment, with one recovery 
in a supratentorial tuberculoma; two of these 
patients died of postoperative tuberculous meningitis, 
and one of increased intracranial pressure. In 
another case streptomycin was not given by the 
intrathecal route until after the operation, and, 
although the patient died several months later of 
generalized tuberculosis, the meninges were free 
from the disease. 

In the next five cases of this series the tubercu- 
lomata were removed completely, and for a period 
of two to three months afterwards the patients were 
treated with intramuscular and intrathecal strepto- 
mycin. All these five cases have recovered and 
have remained well for periods of one to over one 
and a half years after operation. In four the 
tuberculoma was in the posterior fossa. 

Our results clearly demonstrate that streptomycin 
has changed the outlook in the surgical treatment of 
intracranial tuberculomata and prevents the post- 
operative spread to the meninges. Under the 
protection of streptomycin we can now be more 
radical in our surgical approach to these cases. 
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LUMBAR-PUNCTURE HEADACHE 
BY 


JOHN MARSHALL 


From the University Department of Neurology, the Royal Infirmary, Manchester 


The headache which sometimes develops after a 
lumbar puncture has a dual interest, for not only is 
it important in the clinical management of the 
patient, but also it has stimulated enquiry into the 
causative mechanism of headache as a whole. 
Post-puncture headache has characteristic features. 
It may appear from a few hours to a few days after 
the puncture, and it is made worse by jugular com- 
pression and relieved by lying down. 

Over a quarter of a century ago Jacobaeus and 
Frumerie (1923) reported low pressure of the 
cerebrospinal fluid in two patients with headache 
following lumbar puncture. Since their publication 
in 1923 low pressure of the cerebrospinal fluid as the 
cause of post-puncture headache has gained general 
acceptance. About a year ago Pickering (1948) 
published observations on seven patients on whom 
a second puncture was performed during a post- 
puncture headache. Six patients had a zero pressure, 
and one a pressure of 80 mm. Pickering pointed out 
that the converse, absence of a low pressure in 
patients who did not experience a post-puncture 
headache, had not been reported. 

In the present study a second puncture was 
performed on 43 patients regardless of the 
presence or absence of headache. They were con- 
secutive admissions to the Department of Neurology 
at the Manchester Royal Infirmary, but patients 
suffering from cerebral tumour, cerebral abscess, 
meningitis, or sub-arachnoid hemorrhage were 
excluded. 


Technique 


At the first puncture the patient was placed in the left 
lateral position and, after skin anesthesia had been 
obtained by 1 % procaine, a No. 18 Howard-Jones 
needle was introduced between the third and fourth 
lumbar spines. A 2 mm.-bore Greenfield manometer 
was immediately attached and the initial pressure of 
the cerebrospinal fluid noted. Queckenstedt’s test was 
then performed, after which approximately 10 ml. of 
cerebrospinal fluid was removed for analysis. Finally, 
the cerebrospinal fluid pressure was noted again. The 


7! 


patient remained in bed supine throughout the day and 
was encouraged to drink freely. In the evening he 
was allowed up. Twenty-four hours after the initial 
puncture the patient was questioned as to the presence 
of headache in the supine and erect postures, and the 
effect of bilateral jugular compression was observed. 

The lumbar puncture was then repeated employing 
the same technique, and the initial pressure was taken. 
A few drops of cerebrospinal fluid were removed for a 
comparative cell count. 


Results 


The results of these observations are presented in 
Table I. Of the 43 patients examined, 6 developed 
headache and 37 remained free. The headache in 
one of these six (Case 1) did not fulfil the criteria of 
a post-puncture headache, being unrelieved by lying 
down. Moreover, it was accompanied by a brisk 
polymorphonuclear response in the cerebrospinal 
fluid, a count of 446 cells per c.mm. being obtained. 
This patient has, therefore, been excluded from the 
series. 

The remaining five patients with headache com- 
prised two patients with a zero pressure at the 
second puncture, one with a low pressure, and two 
with a pressure within the normal range of 60 to 
160 mm. The 37 patients with no headache included 
Case 2 with a zero pressure at the second puncture, 
Case 30 with a pressure of 5 mm., Cases 3 and 19 
with a pressure of 35 mm. and Cases 11, 20, and 29 
with a pressure of 50 mm. The remaining cases had 
pressures between 50 and 170 mm. These facts are 
summarized in Table II. Testing for the departure 
from proportionality in this table gives p=0-078, 
that is, a discrepancy as great or greater could arise 
by chance eight times in a hundred trials. There 
is, therefore, no significant association between the 
cerebrospinal fluid pressure at the second lumbar 
puncture and the presence of headache. 

An attempt was made to correlate the presence of 
headache with the degree of difference between the 
initial pressures at the first and second punctures. 
These figures are tabulated in Table III and sum- 
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TABLE I 
OBSERVATIONS ON CEREBROSPINAL FLUID PRESSURES AND HEADACHE IN THE 43 CASES 





Age 


No. Sex | (years) Diagnosis 


| Second Lumbar | 
Puncture 


First Lumbar 


Puncture Cells 





| Initial 
| Pressure | Pressure | 


First | Second 
| Lumbar | Lumbar 
Puncture Puncture 


Final Head- | Initial | | 
| ache | Pressure | 





] 42 Motor neurone disease 

2 67 | 3rd N. palsy 

3 58 | Radiculitis 

4 41 | Depression . 

5 ' 30 | Syphilis 

6 48 | Disseminated sclerosis 

7 45 | Epilepsy ; 

8 26 | Epilepsy 

9 42 | Dementia paralytica _ 
46 Chorea os 


56 | Cerebral atrophy 

38 | Cerebral aneurysm . 

33 Sub-acute combined degeneration 
66 | Cerebral arteriosclerosis oe 


| M 

F 

M 

M 

M 

M 

M 

ie 

F | 

F 

M 

M 

F 

F 
15 F | 51 | Myopathy 
16 M 47 Epilepsy ae 
17 ris Exophthalmos 
18 M | 49 | Cerebral aneurysm . 
19 | F | 18 | Disseminated sclerosis 
20 | F 46 Cerebral atrophy 
21 | F | 55 | Vascular lesion 
22 | M_| 27 | Disseminated sclerosis 
23 M | 55 | Disseminated sclerosis 
24 | M | 64 _ | Disseminated sclerosis 
25 M | 15 | Epilepsy 
26 M | 51 Epilepsy 
27 M | 64 | Epilepsy 
28 M 39 | Epilepsy 
29 M | 47 _ | Epilepsy 
30 F 28 | Epilepsy 
31 F 50 | Disseminated sclerosis 
32 M 36 | Cerebral thrombosis 
33 F 49 | Spinal neoplasm 
34 F 50 | Tabes dorsalis 
35 M 43 | Disseminated sclerosis 
36 F 67 Aneurysm 
sf F 54 Neuropathy .. 
38 F 17 Anemia ; 
39 F 47 Optic atrophy 
40 F | 35 Radiculitis 
41 M 47 Epilepsy 

F 

F 


56 Sub-acute combined "degeneration 
38 Depression .. : 














115 on + | 150 1 | 446 
50 a 0 0 7 | 2 
45 35 0 35 3 | 82 
135 a 0 175 1 
95 0 0 | 150 | 201 | 478 
95 40 0 | 150 1.) Ul 
110 50 0 | 110 i 3 
90 60 + | 105 i 4 
100 70 0 110 24 8 
120 85 0 90 3 
85 85 | (0 5 | 3 
175-160 0 100 11 11 
65 50 0 | 110 i 0 
115 90 0 80 i 4 
120 90 0 | 120 i 
65 60 + 60 i 3 
90 70 + 35 2 2 
130 110 0 70 i a 
80 0 0 | 35 33 38 
115 90 0 | 50 1 1 
115 | 100 0 | 70 Re. 
175 140 0 | 130 . 1.4 
95 75 oimi-/;- 
100 ae 0 | 160 | 1 3 
90 35 0 | 100 ie 
130 — 0 | 170 | 1 | 5 
60 40 0 | 70 1 | 200 
105 95 + 0 1 | 6 
95 45 0 so | 1 1 
40 30 0 5 | 4 me 
80 25 o | 130 | 2 1 
75 45 0 140 | 1 
155 = 0 | 140 - pa 
130 a 0 | 130 1 
80 60 0 | 130 — — 
150 | 105 0 | 130 12 i 
130 | 60 0 | 135 i 
100 | 7 +4240 | 80 i 1 
90 6 | 0 | 80 i 
155 40 | + 0 i ers 
150 | 140 | 0 | 130 a oo 
145 | 130 | 0 | 80 al 
125 | 0 | 90 oe in 
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TABLE II 


RELATIONSHIP OF HEADACHE TO SECOND LUMBAR PUNCTURE 
PRESSURE 





| 
| 


| Second Lumbar Puncture Pressures 








Headache |60 mm. and! Less than | 
| over | 60mm. | _ Total 
Present .. | 2 = | 5 
Absent... | 30 | 7 | vd 
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marized in Table [V. The departure from propor- 
tionality test in this instance gives p=0-37, indicating 
again a lack of significant association between the 
pressure difference and the occurrence of headache. 

The final correlation attempted was between the 
headache and the degree of fall in the cerebrospinal 
fluid pressure on withdrawing 10 ml. of fluid at the 
first puncture. The results are presented in Table V 
and summarized in Table VI. Here, testing for the 


departure from proportionality gives p=0-634, which 
is again without significance. 
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TABLE III 


RELATIONSHIP OF HEADACHE TO DIFFERENCE BETWEEN 
CEREBROSPINAL FLUID PRESSURE AT FIRST AND SECOND 
LUMBAR PUNCTURE 


TABLE V 


RELATIONSHIP OF HEADACHE TO FALL IN PRESSURE ON 
REMOVING 10 ML. OF CEREBROSPINAL FLUID AT FIRST 
LUMBAR PUNCTURE 


















































| 
: Patients Patients , | Patients Patients 
—— | without | _ with Fadil | without with 
F | Headache Headache | Headache | Headache 
+ 65to 75 ee 0 | 1 | — 
+ 55to 65 So 5- 3 | 2 
+ 45to 55 3 Pe 15- | . | 1 
+ 35to 45 2 _ 23. | 7 1 
+ 25to 35 — — 35- 3 ~ 
+ 15 to 25 1 1 45- Z | — 
+ 5to 15 4 ‘a 55- 4 | i 
— Sto 5 3 — 65- 1 — 
— 1Sto— 5 2 1 75- 1 — 
— 25to — 15 4 — 85- — — 
— 35to — 25 1 — 95- 1 — 
— 45to — 35 4 — 105- — — 
— 55to — 45 5 on 115- —_ | 1 
— 6S5to — 55 1 1 
— 75to — 65 2 — 
— 8S5to — 75 1 _ TABLE VI 
—115 to —105 — 1 SUMMARY OF RELATIONSHIP OF HEADACHE TO FALL IN 
—165 to —155 — 1 PRESSURE ON REMOVING 10 ML. OF CEREBROSPINAL FLUID 
AT FIRST LUMBAR PUNCTURE 
TABLE IV Bemdiacte | Fall in Pressure on Withdrawal of 
SUMMARY OF DIFFERENCE BETWEEN CEREBROSPINAL FLUID 10 ml. Cerebrospinal Fluid 
PRESSURE AT FIRST AND SECOND LUMBAR PUNCTURE IN i 
RELATION TO HEADACHE | on | 35 poo —e Total 
Pressure | | 
Pressure Present .. 4 1 5 
Headache | | Unchanged or | Total 
Decreased ieenenand Absent... | 19 | 12 31 
—_ 4 1 5 Total .. | 23 | 13 36 
Absent |. 20 | CO 7 | 37 
Total .. 4 | 18 | 42 —215 mm., when severe headache was present. 
: Tilting the patient to 15° from the horizontal 
: . eliminated the headache. Further cerebrospinal 
Discussion 


From these results it seems justifiable to conclude 
that while post-puncture headache is often associated 
with a low cerebrospinal fluid pressure, such a low 
pressure is not invariable, nor, on the other hand, is 
headache an inevitable accompaniment of a low 
pressure. The immediate cause of the headache is 
believed to be dilatation of intracranial vascular 
channels mainly on the venous side, and also traction 
on and displacement of these channels. It seems that 
while the hydrostatic disturbance induced by the 
removal of cerebrospinal fluid at lumbar puncture 
may sometimes be sufficient to cause headache, the 
degree of such a disturbance is not directly propor- 
tional to the cerebrospinal fluid pressure. 

This would accord with the work of Kunkle and 
others (1943). They measured the cerebrospinal 
fluid pressure at the vertex in erect healthy subjects. 
The initial pressure was —160 mm. They then 
removed cerebrospinal fluid until the pressure was 


fluid was removed, and the headache returned 
though the vertex pressure was only —113 mm., a 
figure which was higher than the original resting 
pressure when no headache was present. In another 
case headache was produced at —230 mm.; the 
patient was then tilted to 40° and more fluid was 
removed, but at —248 mm. the headache had not 
returned. There is, therefore, a clear lack of direct 
dependence of the headache on the cerebrospinal 
fluid pressure. 

Pickering (1948) suggested that normal cerebro- 
spinal fluid pressure in patients with headache might 
be a result of meningeal irritation, but in the obser- 
vations made here the cell counts in the fluid showed 
no evidence of a meningeal reaction. Further, 
in the patient in whom a meningeal reaction was 
present the headache was unlike that of a post- 
puncture type. 

A possible factor in the failure of some patients to 
develop headache with a low cerebrospinal fluid 
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pressure was suggested by one observation. The 
patient who had a zero pressure and no headache 
was given 0-1 mg. of histamine acid phosphate 
intravenously and, though she developed a marked 
facial flush and metallic taste, she had no headache. 
The ease with which histamine headaches can be 
produced in different subjects varies considerably 
(Pickering, 1933). It may well be that this is 
associated with a variable sensitivity of the intra- 
cranial perivascular tissues to pain. Such a variable 
sensitivity might also be a factor in determining the 
presence or absence of post-puncture headache. 

In conclusion, therefore, it may be said that 
though post-puncture headache has probably a 
mechanical basis it cannot always be correlated with 
a lowered cerebrospinal fluid pressure. and other 
factors must play a part. 


Summary 


The cerebrospinal fluid pressure in 43 patients 
was ascertained 24 hours after an initial lumbar 
puncture. 


Five patients had a post-puncture headache, 
three with a low cerebrospinal fluid pressure, two 
with a normal pressure. 

Thirty-seven patients had no headache, seven 
having a low cerebrospinal fluid pressure and 
thirty a normal pressure. 

Though there is a tendency for post-puncture 
headache to be associated with a low cerebrospinal 
fluid pressure, the association is not invariable, nor 
is a low cerebrospinal fluid pressure always accom- 
panied by a headache. 


My thanks are due to Dr. Fergus R. Ferguson and 
Dr. G. E. Smyth, under whose care these patients were, 
for their invaluable help and advice. 
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COMPRESSION OF THE OPTIC NERVE BY A FUSIFORM 
ANEURYSM OF THE CAROTID ARTERY* 
BY 
ADOLFO LEY 


From the Neurosurgical Clinic of the University of Barcelona 


The symptomatology of congenital saccular and 
arteriovenous aneurysms as well as of other vascular 
abnormalities of the brain have been carefully des- 
cribed by a number of authors, and there seems to 
be little to add to this interesting chapter of surgical 
neurology. However, there is a type of vascular 
lesion characterized by fusiform enlargement, 
generally bilateral, of the subclinoid portion of the 
carotid artery which is less well known (Fig. 1). 
This lesion was first described, so far as we know, 
by Adson, who published two of these cases in 1942. 
He does not consider it a true aneurysm and 
regards it as being due to hardening of the wall 
and abnormal internal rotation of the intracranial 
carotid. Later Tassman (1944) published a similar 
case and Taptas (1948), in an article devoted to the 
dilatations and enlargements of the intracranial 
carotid, published another case of the same nature 
(Case 4). 

We have seen another five cases. In four of them 
the lesions were verified surgically, and one of these 
subsequently came to necropsy. A survey of this 
material convinces us that the clinical picture, 
fundamentally characterized by visual symptoms, 
is sufficiently definite to be considered as a syndrome. 

The clinical manifestations occur in middle life, 
and in the recorded cases males are slightly in the 
majority. In four of our cases and in Adson’s 
second, the patients showed moderate arterial hyper- 
tension, although in our first case and in Adson’s 
second, only the diastolic pressure was found to be 
elevated. The renal function was satisfactory in 
general, except in our third case in which it was 
slightly impaired. 

The symptomatology is predominantly visual and 
characterized in general by its long duration: the 
longest in our case was 16 years, although in some 
of the cases described by Adson (1942) and Tassman 
(1944) and in our own fifth case, the duration was 
less than a year. The beginning is usually rather 
sudden, affecting at first only one eye, generally the 


* Read before the ‘“‘Sociedad Luso-Espafiola de Neurocirugia,” 
Valencia, May 1949. 


left. In three of the eight cases the visual symptoms 
were preceded by trivial head injuries. The initial 
diagnosis was usually “ optic neuritis” of retro- 
bulbar type, but we have only once had the oppor- 
tunity of observing the ophthalmoscopic picture in 
the initial phase, when there was no doubt that there 
was papilleedema. The subjective visual symptoms 
consist of a diminution of the visual acuity, which 
the patient describes as “ veiling,” ‘* blurring,” or 
partial blindness. In the case reported by Taptas, 
the visual blurring was transitory and was accom- 
panied by paroxysmal headaches. Whether the 
beginning is sudden or slowly progressive, after a 
considerable fall in the visual acuity in one eye, the 
blurring becomes stationary for a time. The visual 
symptoms are usually accompanied by headaches, 
generally localized in the frontal and orbital regions 
The headache is generally of a “* sore ’’ type and only 
occasionally is it very intense. However in Taptas’s 
case it was paroxysmal and was accompanied by 
vasomotor changes in the face. 

After a variable period, even 15 years in our third 
case, reduction of vision occurs in the remaining eye. 
At this stage there is usually an intense reduction in 
the visual acuity with changes in the fundi and visual 
fields which seem to be of a characteristic type. In 
regard to the fundi, there is usually papilloedema in 
the one most recently affected. In one of our cases 
there were even small retinal hemorrhages (Fig.2, 
Case 1). In other cases, like Adson’s second, that of 
Taptas, and our third, the papilloedema was associ- 
ated with some pallor of the disc. In the eye first 
affected the appearance is usually that of a primary 
atrophy, the combination thus presenting the 
features of the Foster-Kennedy syndrome (Fig. 2A). 
Tassman (1944) was the first to recognize the exis- 
tence of this syndrome in the lesions which we are 
discussing. In our fifth case we observed a very 
curious ophthalmoscopic picture consisting of 
cedema in the lower halves of both discs and an 
atrophic pallor in the upper halves. (Fig. 2, Case 5). 

The failure of vision is usually more pronounced in 
the eye first affected, but in one of our cases (No. 3) 
the reverse occurred. 
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Fic. 1.—A. Diagram showing the situation of the vascular lesion and its relationship with the optic nerve and some other basal 
B. Cross section of the vascular lesion showing the compression of the optic nerve against the roof of the optic 
C. Artist’s conception of the vascular lesion. 
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As regards the visual fields, there is generally 
concentric constriction, but in our cases there was 
a marked tendency to lower quadrant defects in the 
beginning, the nasal half being first affected (Fig. 4). 
Later there may even be a horizontal hemianopia 
(Fig. 4,C and D). In the eye more recently affected 
there was concentric constriction, although in 
general this defect seems to predominate in the lower 
fields (Fig. 4). The central vision is usually spared 
for a long time. 

These findings do not coincide with the observa- 
tions of Adson (1942), in which the defécts were 
bi-nasal: hemianopia in one case, and large central 
scotoma in the other. However, one must take into 
account that in his cases the lesions were very 
advanced. The predominance of field defects in the 
lower quadrants seems to be quite understandable, 





Fic. 2.—Retinograph of Case 1 showing the typical 
Foster-Kennedy syndrome. Minute hemor- 
rhages can be seen in the righteye. Retinograph 
of Case 5 showing the peculiar changes, namely, 
cedema of the lower halves and atrophic pallor 
of the upper parts of both discs. 
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The distribution of visual nerve fibres 
after Willbrand and Saenger (redrawn 
and simplified from Traquair (1942)). 


MNS, Macular Upper Nasal fibres ; 
MNI, Macular Lower Nasal ; 
MTS, Macular Upper Temporal ; 
MTI, Macular Lower Temporal ; 
PNS, Peripheral Upper Nasal; 
PNI, Peripheral Lower Nasal; 
PTS, Peripheral Upper Temporal ; 
PTI, Peripheral Lower Temporal. 
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Fic. 3.—Diagram showing the distribution of visual nerve fibres in the 
optic nerves, chiasma, and optic tracts (redrawn and simplified from 
Malbran (1936)). 











78 ADOLFO LEY 


ay 


\. Cred (P.M.M.) 











name ae = 









6+ <a» 
SX TTS 
: & 
sete 
ee 
4 


. Y i. Ge LF 
Bey SN 





AF" S> ener ih 
oh 














te 





Fic. 4.—Sketches of Cases 1 and 2 showing the lesions found at operation, and the surgical procedure used in 
each case. The visual fields are also represented. 
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Fic. 4.—Sketches of Cases 3 and 5 showing the lesions found at operation, and the surgical procedure used in 
each case. The visual fields are also represented. 
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Fic. 5.—Lateral aspects of the dissected sphenoidal body in Case 3. The wall of the cavernous sinus has 
been opened in order to show both internal carotid arteries. In 5A the right carotid appears almost 
normal in size and shape, but in 5B the left carotid shows a marked enlargement. The third nerve has 
been retracted and pinned in order to show the vessels. The sixth nerve is clearly shown crossing the 
intracavernous carotid in 5A. 





Fic. 6.—A, the dissected carotids in Case 3. 
B shows the abnormal enlargement at its 
intracavernous portion. In the uppermost 
part can be seen the intradural emergence of 
both arteries. C, cross section of both 
arteries showing the left (D) with the lesion 
in its wall that seems to be characteristic of 
this condition. 
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taking into account the mechanism of compression 
of the optic nerves, which in the lesion we are 
discussing acts upwards against the dorsal edge of 
the roof of the optic canal and its dural prolongation 
(Fig. 1C). It is also understandable for the same 
reason that the macular fibres should be unaffected 
at the beginning (Fig. 3). These clinical findings 
seem thus far to confirm the accuracy of Malbran’s 
(1936) systemization of the optic way, which differs 
from that of Willbrand and Saenger. 

The extrinsic and intrinsic ocular muscles are 
generally unaffected, which is also understandable as 
the occulomotor nerves are in no relation to the 
lesion (Fig. 1A). In one of our cases (the second), 
there was a congenital ocular palsy, affecting the 
sixth nerve. This was due to the existence of another 
carotid dilatation in the intracavernous portion of 
the artery, which was revealed in the necropsy 
(Figs. 5 and 6). Therefore this case enters the more 
extensive group of carotid anomalies called“ ser- 
pentine aneurysm,” which have been studied by Tap- 
tas (1948) and others (Moniz, 1934; Saphir, 1935). 
The pupils are usually dilated, especially that of the 
eye most affected, the photomotor reactions being 
affected in proportion to the degree of visual failure. 

The course was without fever and the serological 
examinations in our cases did not reveal any altera- 
tions of an inflammatory character, specific or 
otherwise. The blood-count and sedimentation rate 
were normal. However we should mention that in 
three of our cases there were from 5 to 6 million red 
cells per c.mm., i.e. a mild polycythemia (a common 
red count in Barcelona being between 4-3 and 4-6 
millions). The rest of the neurological examination 
was normal in all respects. 

Radiographs of the skull were normal in all cases, 
and this is of some importance in the differential 
diagnosis in which the question of parasellar tumour 
and meningioma of the shenoidal ridge or tubercu- 
lum sellz might arise. In two of our cases there were 
faint shadows which might have been interpreted as 
calcification in the internal carotid artery. In all of 
our cases there was observed in addition an increase 
of vascularization in the territory of the meningeal 
arteries, characterized by the dilatation of the bony 
channels of this artery. 

Cerebral angiography may be very useful for the 
diagnosis of these lesions and Taptas affirms having 
found in his fourth case an enlargement of the 
anterior loop of the internal carotid, apparently in 
contact with the anterior clinoids. On the other 
hand the anatomical lesion found in one of our 
cases seems to show that this type of vascular 
dilatation may not always occur, and it is even 
possible that the injection may fail in some cases 
owing to obliteration of the vessel. 
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Surgical Pathology 

The arterial lesion was in all of our cases macro- 
scopically characterized by a segmentary enlarge- 
ment of the internal carotid artery underneath the 
anterior clinoid and optic nerve, being generally 
bilateral (Fig. 4). The dilatation was roughly fusi- 
form in all of our cases and more evident on one 
side (Fig. 4). 

In one of them (the first) there seemed to be a 
perivascular or adventitial lesion of a particular 
character (Fig. 4A). The optic nerves seemed dis- 
placed upwards and either inwards or outwards by 
the enlargement of the artery, and in the first of our 
cases one of the nerves seemed notably atrophic and 
reduced in volume to about half its. normal size 
(Fig. 4A). The compression of the nerves against 
the dorsal border of the roof of the optic channel 
was most evident in all the cases we operated upon 
(Figs. 4 A, B, C, D). In all these cases there were 
adhesions between the optic nerves and the base of 
the frontal lobes, constituting a true arachnoiditis 
which it was necessary to separate by sharp dissec- 
tion in order to expose them. 

In all our cases except the fourth, which was not 
verified, and the fifth, we thought that there was a 
parachiasmal lesion, e,g., suprasellar meningioma, 
in the first case because there were peripheral signs 
of Von Recklinghausen’s disease. In the third case 
the diagnosis of neoplasm was excluded only after 
the ventriculogram. Cases 4 and 5 were successfully 
diagnosed on a clinical basis and the last was 
verified surgically. We did not use angiography, 
fearing the known risks in elderly people with 
diseased arteries and because we do not consider it 
absolutely necessary. 

Except in our fourth case, which refused operation, 
all the others were surgically explored by the trans- 
frontal route. In our first case a clip was placed in 
the anterior portion of the enlarged artery and the 
optic nerve was freed by unroofing the optical canal 
on the left side (Fig.4A). In the second case, the left 
carotid was also clipped and the optic canal opened 
(Fig. 4B). In the third case, in view of the unhappy 
experience of the second, who died on the fourth 
post-operative day from cerebral softening, we 
limited ourselves to unroofing the optic canals 
(Fig. 4C) and in a second operation we proceeded 
to ligature the internal carotid artery in the neck. 
In the fifth case we limited ourselves to the removal 
of the roofs of the optic canals (Fig. 4D). 


Operative Results 
The operative results have been varied: in the 
first case a definite and enduring improvement was 
obtained, so much so that at the end of four months 
the acuity had improved from 5 per cent. to 10 per 
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cent. (normal 1-0) though there was not much im- 
provement in the visual fields (Fig. 3A). 

In the second case death took place on the fourth 
post-operative day after clouding of consciousness 
and coma. The post-mortem examination showed 
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the existence of an extensive area of softening in the 
basal ganglia of the left hemisphere (Fig. 7), with 
subpial and intraventricular hemorrhage which we 
attributed at first to surgical obliteration of the 
carotid artery. 


In the third case a cerebral 
ictus occurred with a con- 
tralateral hemiplegia six days 
after the ligature of the internal 
carotid in the neck, and we 
want to stress that the ligature 
had been preceded in this 
case by progressive com- 
pressions according to the 
method of Matas, reaching 
30 minutes of well tolerated 
manual occlusion. The patient 
was convalescent from typhoid 
fever which began when she 
had already entered the hos- 
pital and caused us to post- 
pone the operation until 
complete recovery. The ictus 
was attributed to an ascending 
thrombosis, and at present the 
patient is on the way to re- 
covery. The fifth case has 


Fic. 7.—Coronal section of the brain in Case 3 showing the hemorrhagic been operated upon so recently 


softening at the left basal ganglia. 


partially filled with blood clots. 


The ventricular cavities 


appeared that it is not yet possible to 
judge the result. 





















































TABLE | 
Author By , ‘ . 
r Age | Duration Visual Acuity and fields 
No. | — | and Sex | of Symptoms | Symptoms R.: rem. L.: ie Eye Grounds 
| 
1 Adson 49 | 4 months Rapid loss of vision in both | R.: 6/12. L.: 3/30 ? 
Case 6 F eyes | Bitemporal hemianopsia 
1942 
, a Adson 31 2 months | Ditto R.: 14/89. L.: 14/141 Bilateral atrophy 
| Case7 | M | Bilateral large central sectoma 
| 1842 | | | 
3 | Tassman | 32 8 months | Loss of vision in left eye | R.: good. L.: 0 R.: Stasis 
| 1944 F | L.: Atrophy 
4 Taptas | “4 | 5 years | Blurring of vision in right eye ; R.<¢& &: 26 Bilateral atrophy greater in R. 
Case4 | M later in left eye | 
1948 | | | 
5 Ley 45 | 9 years Loss of vision in left eye, then R.: O02. L.: O05 | R.: Stasis. L.: Atrophy 
Case 1 M rapidly in right eye Large defect in lower L. con- | 
| 1945 | | centric reduction R. | 
| | | 
6 | Ley | 54 | 1 year Ditto | mm: 27 2.2 Of Ditto 
Case 2 M 
1947 | 
7 | Ley | 54 16 years | Loss of vision in right eye, then R.: 02. L.: 006 R.: Atrophy. L.: Stasis 
Case 3 F | rapidly in left eye Extensive lower defect R. | 
| 1948 Island of vision temporal field L | 
| | | ‘ 
8 | Ley 56 | 1 month | Rapid loss of vision in lower | 2 32 R.: Normal. L.: Stasis 
=, M | part left eye ‘Quadrantic Pa nar nasal L. and atrophy 
| | | | 
9 | Ley 53 | 2 years | Loss of vision temporal field : | : 0-05. : 0-6 | Atrophy upper halves both 
| rn F | right eye, then in botheyes | seal’ horizontal 2 A discs and cedema in the lower 
| | 


| 
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Symptomatology was there increased intracranial pressure. 

In Table I we have grouped the symptomatology, The radiological examination usually reveals 
the operative findings, and the evolution of our five calcifications in the Gruber ligaments (Figs. 8 and 9), 
cases and those of the four others that we have been and less frequently in the falx or frontal bones. A 
able to collect from the literature. From a study of 
the table, it seems possible to summarize the syn- 
drome produced by the segmentary enlargement of 
the intracranial carotid as follows. It appears in 
middle age, especially between 44 and 56 years and 
rather more often in the male sex, with mild arterial 
hypertension, but with normal or only slightly 
' impaired renal function, moderate arterio-sclerosis 
and polycythemia. The visual symptomatology is 
of long duration and usually unilateral at the 
beginning, characterized by “ optic neuritis” and 
reduced acuity, followed after a variable time (which 
may be considerable) by impairment of the other 
eye. In time the typical Foster-Kennedy syndrome 
may occur. As far as the visual fields are concerned, 
there are irregular defects with a marked tendency 
to reductions of the concentric type, especially in 
the lower part of the fields, even leading to horizontal tales 
) hemianopsia. The visual symptoms are usually  F!6- 8.—Radiograph of the sella turcica in Case 1 

. . : showing a marked calcification of the Griiber 
accompanied by slight headaches, predominately ligaments as well as of the diaphragma sella. 
frontal and orbital, and occasionally peripheral 
vasomotor changes may occur. The neurological 
examination is always negative as regards objective dilatation of the bony channels of the middle 
signs, and the oculomotor nerves are not affected meningeal arteries is commonly observed. The 
except when there exist other alterations inthe more existence of slight shadows corresponding to the 
proximal portions of the vessel. In no case  subclinoid portion of the carotid is questionable. 












































BLE | 
Blood | Renal | | P a F 
Pressure Sinai | Other Symptoms | Radiograph Findings | Type of Operation Results 
(mm. Hg.) | | 
\ Normal | Normal | — | Sella turcica normal Unroofing of optic channels | Much improved 
| | 
| 
140 | Normal | Headaches, nephrectomy, Falx and frontal Ditto Unchanged 
— | cranial trauma calcifications 
90 | | 
? | ss | Headaches | ? “* Exploratory ” ? 
| 
in R. ? ? | Paroxysmal headaches, vaso- | Angiography: Enlarge- | Ditto Improved 
| motor changes, cranial trauma | ment anterior loop of 
| intercranial carotid | 
phy 128 | Normal | Dizziness, paresthesia cu- | Calcification Griiber | Clipping of left intracranial Ditto 
— taneous Recklinghausen, | ligaments, diploic carotid; unroofing of | 
84 cranial trauma Hypervascularization | left optic canal 
| (Fig. 8 
155 | Normal | Headaches, paresthesia, | Normal | Clipping of Jeft intracranial | Death four days after opera- 
— congenital convergent squint | carotid ; unroofing of both tion due to cerebral 
80 in left eye optic canals softening 
tasis 175 Diminished | Headaches | Calcification Griiber | Unroofing of optic channel | Right hemiplegia due to 
— ligaments. _ and ligature of internal | ascending thrombosis which 
90 |  hypervascularization | carotid in the neck appeared 6 days after the 
| ligature 
tasis 190 | Normal Ditto | Normal Refused Symptoms progressing in 
— | both eyes 
100 
both 195 | Diminished | Slight hyperglycemia Normal Unroofing both optic Operation too recent to "5 
lower — | canals | judge 
100 
a 
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Diagnosis 
The differential diagnosis must be made between 
the parasellar meningiomas, particularly those of 
the lesser wing of the sphenoids, the pituitary 


ria 


ern 





Fic. 9.—Radiograph of the sella turcica in Case 3 
showing a mild calcification of the Griiber liga- 
ments 


adenomas, craniopharyngiomas, gliomas of the 
chiasma, the congenital saccular aneurysms, and the 
so-called “* opto-chiasmatic arachnoiditis.” 


Meningioma.—Meningiomas of the lesser wing of 
the sphenoid are seen only in women and generally 
at an early age: exophthalmos is common. There 
are in nearly all such cases very characteristic 
radiological findings. 


Pituitary Adenoma.—With regard to the pituitary 
adenomas, these do not generally offer diagnostic 
difficulties, because the lesions we are discussing 
lack the endocrine and radiological signs so charac- 
teristic of these tumours. The craniopharyngiomas 
usually occur in younger subjects. There is seldom 
a Foster-Kennedy syndrome, and the absence of 
hypothalamic disturbance and symptoms of in- 
creased intracranial tension is common. Finally, 
the radiological findings are usually very different, 
especially in relation to craniopharyngiomas, which 
often show suprasellar calcifications and signs of 
increased intracranial pressure. 


Glioma of the Chiasma.—The gliomas of the 
chiasma may cause confusion especially when, as in 
our first case, there exist cutaneous signs of Von 
Recklinghausen’s disease, but the visual symptoms 
are usually more severe in the gliomas, with an early 
effect on the central vision. The alterations in the 


visual fields are generally different but more im- 
portant ; the optic canal is usually markedly en- 
larged when seen on x-ray examination. 


Saccular Aneurysm.—So far as the congenital 
saccular aneurysms are concerned, the diagnosis 
can be established by the absence of subarachnoid 
hemorrhages and of impairment of the oculomotor 
and trigeminal nerves and also by the angiographic 
picture. 


Optochiasmatic Arachnoiditis—The diagnosis 
from the so-called ‘* optochiasmatic arachnoiditis ” 
is not so simple, but one must take into account 
the great confusion prevailing about this condition, 
the pathology of which does not seem, as yet, well 


‘defined, and to which is attributed today a large 


proportion of the optic atrophies. However, if we 
take into account the clinical picture attributed to 
that condition, we shall say that in arachnoiditis 
both optic nerves are usually affected from the 
beginning, the progression of the symptoms is more 
uniform, the alterations of the visual fields are less 
definite, and macular vision is early affected. In 
addition, the subjective troubles of the patients are 
usually less acute and they seldom show arterial 
hypertension. In either case surgical exploration 
seems to be equally indicated, even though the 
results obtained in cases of arachnoiditis have been, 
in our experience, unsatisfactory. 


Aetiology and Pathology 


The opportunity which we had in our second case 
of making a post-mortem examination has permitted 
us to demonstrate not only the histological nature of 
the arterial lesion under discussion but also to make 
clearer its etiology. 

The abnormal segmentary enlargement of the 
artery was found to be due not to an actual dilata- 
tion, as we had been led to believe from its external 
aspect (Figs. 5 and 6A), but on the contrary its lumen 
was found to be almost totally obliterated, and there 
were changes in the vessel wall (Fig. 6B) which 
indicated a lesion much more complicated than we 
had supposed. 

The histological examination (carried out by 
Dr. C. Oliveras de la Riva) also revealed that we 
were not dealing with simple atheromatous lesions 
of the arterial wall as Adson (1942) believed, but 
with complicated lesions which, at least in part, 
seemed to point to congenital abnormalities of the 
arterial wall. 


Pathological Description.—Both internal carotid 
arteries in their intracavernous and _ subclinoidal 
portion appeared dilated, the left being more 
accentuated (Figs. 5 and 6A). The dilatation was not 
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Fic. 10.—Transverse section of the arterial wall in Case 2 showing 
atrophy of the media with marked thinning of the muscularis, and 


necrosis with calcareous infiltration of the intima. 


so fusiform as it seemed at first glance, for there were 
multiple small dilatations, and on examining the 
divided vessel, the wall showed an irregular appear- 
ance with formation of folds and cavities (Fig. 6B). 
The walls of the arteries were thin and flaccid, being 
easily collapsible and with a venous appearance. 
Atheromatous deposits could not be felt. 


Microscopic Description.—The alterations which 
we found in the arterial wall were of two types. 
(1) There was a myodystrophic alteration of the 
media of varied intensity and distribution (hypo- 
plasia) which showed itself 
by a marked thinning of 
the muscularis and elas- 
tica, which could hardly 
be identified in some places 
where they were re- 
placed by a fibrous con- 
nective tissue (Fig. 10). 
(2) The intima showed 
marked changes also, con- 
sisting of thickening, 
splitting, and hyalinosis 
of the internal elastica 
(Fig. 11). There were 
places where one could 
see actual necrosis with 
calcareous infiltration of 
the intima (Fig. 10.) 

From these findings 
we may deduce that the 
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' lesion of the media is congenital and 
due to hypoplasia of the muscularis. 
The wall of the artery seems to ex- 
pand owing to the abnormal increase 
in the blood pressure. Secondarily, the 
intima degenerates and hyalinosis and 
calcification take place. 

The left optic nerve was also studied. 
It was found to be flattened and 
markedly reduced in size. By using 
the silver nitrate technique and 
Spielmeyer method, degenerative 
lesions of the nerve fibres affecting 
the myelin sheath were.also seen. 

The pathological diagnosis was one 
of congenital hypoplasia of the media 
with secondary degeneration of the 
intima (hyalinosis and calcification). 
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Discussion 


Saphir (1935) in a work cited by 
Taptas has published three necropsy 
examinations of individuals aged 
more than 60 years who died from 
acute vascular accidents in which the carotid lesions 
seem to have been similar to those we observed. 
Therefore we believe that from the pathogenic point 
of view, one must admit the existence in these cases 
of a primordial factor consisting of a congenital 
anomaly of the intracranial carotid that may be 
segmentary or diffuse. This seems opposed to the 
pathogenic conception of Taptas, according to whom 
the fundamental causes were of a vasomotor charac- 
ter, (active vasodilatation by abnormal parasympa- 
thetic stimulation). Taptas’ ingenious pathogenic 
conception lacks pathological or experimental 





Fic. 11.—High-power microphotograph of the intima showing the thickening, 
splitting, and hyalinosis of the internal elastica (‘‘ elastosis ” and “‘ hyalinosis ”’). 
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evidence. However, it is possible that vasomotor 
disturbances play an important part as a releasing 
mechanism of the condition. It would explain the 
influence of injury recorded in three of the nine 
cases. It is also possible that the general arterial 
hypertension, which is common in these cases, is an 
additional factor. 

Perhaps the pathological examination does not 
justify the use of the term “ aneurysm ” which we 
have given to these lesions, but it is convenient to 
describe them as “‘ fusiform aneurysms ”’ to distin- 
guish them from the congenital saccular type, and 
from the serpentine type, such as were observed in 
our second case and in those of Saphir and Taptas, 
in which the lesions were more extensive affecting 
the whole or a great part of the intracranial carotid. 
- To evaluate the operative results in this condition 
is difficult since we lack details of the operations 
practised in the cases of Tassman and Taptas. 
In three of our cases, besides the unroofing of the 
optic canal as in Adson’s two cases, we also obliter- 
ated the carotid arteries either by clipping them 
intracranially or by ligature in the neck (Case 3). 

These operations on the carotid arteries seem to 
have been harmful for in two of the three cases they 
produced grave cerebral complications, with the 
death of one of the patients. In any event, if we 
consider the pathology, surgical obliteration of the 
carotid is not called for, since the apparent enlarge- 
ment is not due to an arterial dilation, but to a 


complex alteration of structure with almost com- 
plete obliteration of the lumen. 

From our experience, we consider that the opera- 
tive results are sufficiently promising in selected 
cases, and think that the operation should be limited 
to freeing the optic nerves by means of unroofing the 
optic canals and opening their dural sheaths. 
Finally it is to be expected that, as Adson has 
observed, results should be more satisfactory when 
the operation is performed in the early stages, when 
the degree of atrophy of the optic nerves is less 
severe. 


I am deeply indebted to my colleagues Drs. J. and 
J. I. Barraquer, Julian Gil, Armas del Rosario, and 
Hernandez Guerra who furnished me with the clinical 
material of this report. 

I want also to express my acknowledgment to Mr. 
Joe Pennybacker for his great kindness in reading the 
— as well as for his valuable suggestions and 
advice. 
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BOOK REVIEWS 


Cybernetics. By Norbert Wiener. 
and Sons Inc., New York. (Chapman and Hall, 
London.) Pp. 194. Price 18s. 


This book deals with the problems of automatic 
control of processes both in the biological and mechanical 
fields. The name “cybernetics” has been coined from 
the Greek xv BepvAtyco—a guide or helmsman. Simple 
examples of the subject matter are the devices for 
thermostatic control of temperature in a room which as 
soon as the temperature rises above the chosen level 
automatically reduce the heating source and vice versa ; 
or the automatic steering mechanism of certain ships 


1948. John Wiley 


which, when the ship deviates to one side or the other - 


from its set course, automatically adjusts the tiller to 
correct this.. In these and other examples, information 
about the process to be controlled is fed back to the 
source driving that process and as a result of this “* feed 
back ”’ adjustments at the source are made. In the 
biological sphere, voluntary muscular activity is cited 
as an example of a similar mechanism. During the 
course of a given action proprioceptive impulses are 
continuously passed back to the “‘ head ganglion of the 
proprioceptive system ’’ and smooth execution of the 
required movement ensues. When the head ganglion 
is faulty in cerebellar disease, jerky irregular movement 
occurs just as when the central steering mechanism is 
faulty the ship’s course may be a series of jerky over- 
corrections known as “ hunting.” 

In this book Professor Wiener elaborates the simi- 
larities between various self-controlling biological 
processes, and the mechanical and electrical devices 
also designed to achieve automatic control. Much of 
the detailed argument will be caviare to the general of 
non-mathematical readers; but the book is quite 
fascinating in its discussion of methods of analysing the 
mechanism of much biological and especially central 
nervous activity. 

Neurologists will find of special interest the chapter 
on computing machines and the nervous system. The 
similarities between the possible neuronal basis of thought 
and memory, and these machines, with their rapid 
solution of complex mathematical problems and their 
retention for a period of time of previously acquired 
information as stored condenser charges, are clearly 
presented. The similarities are great, but on second 
thoughts perhaps, the differences are greater. Can one 
envisage these machines as possessing during their 
electrical activity some such epiphemomena as are 
revealed to introspection during the mental activity of 
the human individual, or suppose them to have those 
qualities of affect which pervade, grossly or subtly, all 
mental life? To this reviewer at any rate such concep- 
tions present insuperable difficulties. Nor should it be 


thought that the author of the book, who is trained both 
I 87 


as mathematician and philosopher, argues for any crude 
homology. He merely points to possible similarities of 
mechanism and rushes no philosophical fences. Cyber- 
netics has vast possibilities in analysing the “‘ how” of 
biological action. It may be doubted whether it will 
have anything to say of the “why”. Nevertheless, the 
presence of such men as Lorente de No and Warren 
McCulloch in the cybernetic field indicates that all those, 
whether physicians or neurophysiologists, who are 
interested in the mechanics of the integrative action of 
the nervous system at all its levels, may find something 
for profitable reflection in the book. 


Functional Localization in the Frontal Lobes and 
Cerebellum, with Particular Reference to the Operation of 
Frontal Lobotomy. By John F. Fulton. 1948. Oxford 
University Press. Pp. 140. Price 15s. 


Professor Fulton has been actively associated with 
advances in neurophysiology for over 20 years, but 
besides this he has also earned a special place as an 
entrepreneur for clinicians and workers in other medical 
sciences of the results of neurophysiological research in 
general. These recently published lectures, although 
they contain some current work from his own laboratory, 
should be regarded chiefly as an exercise of this second 
function. A critical appraisal of the rapidly growing 
corpus of neurophysiological knowledge presented with 
some of its clinical implications, is a difficult and not 
unimportant task. On the whole this book fulfils it 
well, even though workers immersed in one or other of 
the special fields mentioned may find some points 
tendentious. 

In the first chapter on the precentral motor cortex the 
author discusses the functions of Brodmann’s areas 
4 and 6, pointing out that appropriate stimulation of 
area 4, in monkeys at any rate, can at times produce 
movements of isolated muscles and not always a co- 
ordinated pattern of movement involving agonists and 
antagonists. This latter type of response seems much 
more the function of areas 6 and 8. The experimental 
evidence on this seems convincing, though how important 
it is in the functioning of the human cortex has still to be 
shown. The results of ablation of area 4 in apes and 
monkeys are described, and the “flaccid” paresis 
produced, which also follows pyramidal tract section in 
the medulla, suggests that the clinical concept of pyra- 
midal spasticity must be reconsidered. This is probably 
justified, though the evidence Fulton quotes is not quite 
so non-controversial as he makes it appear. Mention is 
also made of the suppressor areas, described by Hines 
and Dusser de Barenne, two of which occur in the 
frontal lobes. Here again, their importance in man 
has still to be fully determined. And the very tentative 
findings of Ritchie Russell in man on the relation of site 
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of epileptogenic cortical wounds to these suppressor 
areas which Fulton quotes have still to be confirmed. 

In discussing the prefrontal region and the orbital 
and medial aspects of: the frontal lobe, evidence is 
assembled suggesting that there are important autonomic 
centres in these areas. To elicit many of these responses 
it appears to be necessary to use electrical stimuli of a 
strength and duration optimal for that particular response. 
Indeed this is so generally important that it is suggested 
that much previous work on cortical stimulation 
requires repeating with more careful control of the type 
of electrical stimulus used. At present it seems as if the 
same point may at times give rise to differing but constant 
responses with changes in the parameters of stimulus. 

In referring to the applications of this newer know- 
ledge of frontal lobe function to clinical work, and 
especially to the various operative procedures now being 
explored in the treatment of mental diseases, Fulton 
pleads for a scientific approach and for the replacement 
of blunderbuss leucotomy by some more limited and 
anatomically controlled procedure. 
be sympathetic to this plea, but the author appears to 
be unfamiliar with the very great difficulties to any 
accurate observations that are often presented by the 
kind of clinical material which has to be used here. 

In his final chapter on the cerebellum the writer 
reviews the modern experimental evidence for the 
functions of this organ, and for somatotopical localiza- 
tion of function. This field is one whose primary 
geography is still being decided, but it would seem that 
the flocculonodular, the anterior, and the phylogenetically 
younger posterior lobes each have functions which may 
be separable experimentally and perhaps also clinically 
as our knowledge increases. The book has limitations 
inevitable to a review of work in progress, but it is 
stimulating reading, and deserves a place beside the 
** Physiology of the Nervous System ”’ on the shelves of 
clinical neurologists. 


Etudes Psychiatriques : Historique—Méthodologie— 
Psychopathologie Générale. By Henri Ey. 1948. Desclée 
de Brouwer et Cie, Paris. Pp. 263. Price 200 fr. 


The eight separate essays which comprise this book, 
though in some ways disconnected, have a single theme. 
This is essentially a familiar one. Mental disorders are 
not to be wholly understood as aggregates of symptoms 
each of which is mechanistically determined, and without 
an inner psychological meaning, nor along psychogenic 
lines as simple variations of behaviour under the impact 
of psychological or social causes, but as a partial dis- 
solution of mental activity brought about by organic 
processes, and so analogous to the dream which is 
liberated by sleep. This theme is handled historically, 
and the discussion of the development of French psy- 
chiatry is abundantly documented, able, and interesting. 
Throughout this historical development the three types 
of theories reappear, represented by new exponents in 
successive periods. The mechanistic approach of 
Clérambault, and the psychogenic formulation of Freud 
are discussed in considerable detail, before the author 
puts his own “ organic-dynamic*’ point of view. To 
the English reviewer the book seems to suffer from the 
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defects of its class, that of the philosophical and 
theoretical treatise without a close connexion with 
biology, medicine, physiology, or neurology. That is 
to say, the theories which are debated are appraised 
more for their clarity, symmetry, or subtlety than for 
their relevance to experimental or even clinicial medicine. 
At no point is an attempt made to summarize the evidence 
which might have a bearing on the theoretical interpreta- 
tions which are advanced. 
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THE DEGENERATION OF PERIPHERAL NERVE FIBRES 


BY 


E. GUTMANN and J. HOLUBAR 


From the Departments of Research on the Nervous System and of Physiology, 
Charles University, Prague 


After section of a peripheral nerve a series of 
processes occurs in the distal stump involving. all 
of its constituents and leading to a breakdown of 
the axons and their myelin sheaths. This process 
was first studied by Waller (1852) and is generally 
known as ‘“ Wallerian degeneration”. The first 
part of Waller’s law states that after cutting a nerve 
degeneration occurs in the distal stump and that 
degeneration is due to disconnection of the nerve 
trunk from its “‘ trophic ” centre, i.e., the nerve cell. 

Although it is almost 100 years since this law was 
conceived, the mechanism of degeneration is still 
not clear. In order to understand the process it is 
necessary to investigate the nature of this “‘ trophic 
influence’. Only in this way can the question, 
Why does a nerve fibre degenerate ? be solved. 

Wallerian degeneration results after a certain time 
in failure of transmission of nerve impulses. The 
time at which this failure of transmission of nerve 
impulses can be recorded is apparently not a constant 
value. It is for instance known that both the meta- 
bolic rate and temperature influence the rate of 
degeneration (Muralt, 1945). Additional informa- 
tion about the factors affecting the rate of degenera- 
tion should help in understanding the mechanism of 
‘** Wallerian degeneration ”’. 

It is necessary first to define clearly the criteria of 
degeneration used. After nerve section degeneration 
in the physiological sense appears primarily when 
the nerve fibre will no longer transmit impulses. 
As a physiological criterion we are therefore using 
the time at which failure of transmission of nerve 
impulses can be recorded. A much more compli- 
cated problem is the evaluation of the criteria of 
degeneration in the morphological sense. Muralt 
(1945) states that morphological changes generally 
appear only a long time after loss of excitability of 
the nerve fibres. The first changes in the axons, 
however, are observed much earlier (Ramon y 
Cajal, 1928) and changes in the myelin sheaths 
studied by the polarized light method are observed, 
within 24 hours of nerve section (Prickett and 
Stevens, 1939). The criterion of degeneration in 
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the morphological sense will therefore be dependent 
on the method used. Jn vivo loss of continuity of 
the axons can on the whole be correlated to the 
failure of transmission of nerve impulses, and 
is a useful criterion of degeneration in the 
morphological sense. However, degenerative changes 
in a nerve trunk do not appear in all nerve fibres at 
the same time (Bethe, !903; Weddell and Glees, 
1941), and the data concerning the time at which 
loss of continuity of the axons can be observed have 
a Statistical value only. Much may be expected 
from chemical investigations which should give 
valuable quantitative criteria. Most measurements, 
however, have been concerned with later changes 
after nerve section and give in fact only a measure 
of the time of the removal of the disintegrating 
myelin, and have a limited physiological sig- 
nificance. Changes in the lipoid content, for 
instance, are marked only eight days after nerve 
section (Johnson, McNabb, and Rossiter, 1949). 
Valuable quantitative criteria are given by the 
changes of acetylcholine content in the degenerating 
nerve (Muralt and Schulthess, 1944), or of cholin- 
esterase content in the degenerating nerve (Sawyer, 
1946). Data about enzyme activity in a degener- 
ating nerve will certainly acquire great importance. 

In this paper we have used physiological and 
morphological criteria in an attempt to study 
quantitatively the factors which affect degeneration 
of peripheral nerve fibres. 


Methods 


Rabbits, guinea-pigs, and rats were used in our 
experiments. In rabbits the peroneal, tibial and, in 
some experiments, the sural, nerves were used, whereas 
in rats and guinea-pigs the experiments were done with 
the whole sciatic nerve. The nerves were cut at an initial 
operation and, at different times after nerve section, the 
wounds were reopened and the nerves excised. The 
excised nerves were placed on platinum electrodes in a 
thermostat. The temperature of the chamber varied 
from 36 to 38° C. but was approximately constant for any 
given set of observations. The electrical excitability of 
the nerves was tested with single condensor discharges 








90 E. GUTMANN AND J. HOLUBAR 


through a transformer using maximal stimuli (Holubar, 
1949). The electrical responses of the nerves were 
recorded from a cathode ray oscilloscope (highest 
sensitivity 80 microvolts/cm.) the distance between 
stimulating and recording electrodes being about 3 cm. 
When comparing nerves from the same animal the same 
amplification was used for both nerves. In some 
experiments not only excitability but also conduction 
velocity was measured. In these cases photographs of 
the action potentials were taken and the distance from 
stimulus artefact to onset of the action potential was 
measured, the sweep of the time base being the same in 
both the excised nerve and the control nerve experiments. 
In a series of experiments the course of degeneration 
in vitro was followed. The excised nerves were immersed 
in a dish filled with 50 ml. of Krebs solution (Lundberg, 
i948). The dish was put.into a thermostat at a tempera- 
ture of 38° C. and continually supplied with a mixture 
of 95% O, and 5% CO,. At different times the nerves 
were removed from the dish and their electrical excita- 
bility was tested. After examination the nerves were 
again immersed in the dish containing the Krebs 
solution. For histological examination the nerves 
were fixed in 10% formol and stained for axons (Gross 
Bielschowsky) and myelin sheaths (Spielmeyer). 


Results 


Rate of Degeneration in Rabbit, Rat, and Guinea- 
Pig.—In 31 rabbits (age 1-2 years) the peroneal nerves 
were cut and their electrical excitability was tested 
24 to 92 hours after nerve section. Positive action 
potentials could be obtained for 78 hours after nerve 
section, but in three animals excitability was lost at 
71, 72, and 73 hours respectively after nerve section. 
Excitability of the peroneal nerve in the rabbit ceases 
therefore about 71 to 78 hours after nerve section. 
Conduction velocity of the degenerating nerves was 
measured in 11 rabbits, and the values compared 
with those of the normal control side. 
can be seen in Fig. X. Conduction velocity decreases 
to 87%, of the control. The height of the 
spike potential also decreases progressively ; it was 
71% and 95% after 30 hours, 79% after 43 hours, 
30% after 48 hours, and 6% after 62 hours. In 
the last case the fastest nerve fibres were still con- 
ducting with a velocity of 87% of the control side. 
Such a finding indicates a sudden loss of excitability 
of nerve fibres as suggested by other authors (Rosen- 
blueth and Dempsey, 1939 ; Erlanger and Schoepfie, 
1946). To test the assumption of a centrifugal 
course of degeneration (Rosenblueth and Dempsey, 
1939; Parker, 1933) excitability was tested in the 
proximal and distal part of the sectioned nerve 
trunk. Excitability was found to be the same in 
both parts of the nerve trunk. In no case did 
excitability of the proximal half disappear before 
that of the distal one. Failure of transmission, 
therefore, appears to set in simultaneously in all 
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parts of the degenerating nerve (Erlanger and 
Schoepfle, 1946). 
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Fic. X.—Conduction velocities in nerve fibres degenera- 
ting in vivo and in vitro, at different times after 
section of the peroneal nerve in the rabbit. 
Conduction velocities are expressed as percentages 
of their initial values. The vertical lines indicate 
the time at which approximately failure of trans- 
mission of nerve impulses is recorded. 


The interval at which transmission of nerve 
impulses fails after nerve section was also deter- 
mined in the sciatic nerves of rats and guinea-pigs. 
The results were similar to those obtained in rabbits. 
In 31 rats the results were as follows: Action 
potentials after nerve section: 72 hours, + ; 
78 hours, + ; 79 hours, +, —; 80 hours, +, +, 
+,+,—-,-,—-,—-, —, —, —; 81 hours, +, +, —, 
—, —, —, —; 82 hours, —, 

96 hours, —, —. 
were as follows : 


In nine guinea-pigs the results 
66 hours, + ; 68 hours, + ; 


72 hours, —; 72 hours, —; 74 hours, +; 77 
hours, + ; 78 hours, + ; 82 hours, —; and 83 
hours, —. The greater scatter of these data may 


have been due to the difficulty of obtaining animals 
of similar age. 


Histological Changes after Nerve Section in 
Rabbit.—Histological changes in the peripheral 
nerve fibres after nerve section have been described 
in great detail (Ramon y Cajal, 1928; Nageotte, 
1922), but apparently no systematic study correlating 
physiological and morphological data has been 
undertaken. Forty hours after section of the 
peroneal nerve in the rabbit (nerve excitable, con- 
duction velocity almost unaltered) visible changes 
can be observed in the nerve fibres. In all of the 
nerve fibres continuity of the fibres is maintained, 
but they show irregular outlines (Fig. 1). There 


are fusiform swellings of the axons at places with a 
thin connecting strand of axoplasm. Forty-eight 
hours after nerve section (nerves excitable) the con- 
tinuity of the nerve fibres is still maintained (Fig 2). 
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Fic. 1.—Axons in the peroneal Fic. 2.—Axons in the peroneal Fic. 3.—Axons in the peroneal nerve 72 hours 
nerve 40 hours after section. nerve 48 hours after section. after section. Nerve not excitable. (Gross 
Nerve excitable. (Gross Biel- Nerve excitable. (Gross Biel- Bielschowsky, 750.) 


schowsky, x 750.) 







schowsky, x 750.) 
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Fic. 4.—Myelin sheaths of fibres in the peroneal nerve Fic. 5.—Axons in the peroneal nerve 86 hours after section. 

72 hours after section. Nerve not excitable. Nerve not excitable. (Gross Bielschowsky, x 750.) 
(Spielmeyer, x 380.) 
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FiG. 6.—Myelin sheaths of fibres in the peroneal nerve 7days Fic. 7.—Myelin sheaths of fibres in peroneal nerve 
after section. (Spielmeyer, x 380.) 72 hours after homoeografting. (Spielmeyer, x 380.) 
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Sixty hours after nerve section (nerves excitable, 
small decrease of conduction velocity only) almost 
all of the axons have an unbroken outline but in a 
few fibres of small diameter the axons are broken 
down into segments. In many fibres the myelin 
shows an unduloid outline, and the myelin is drawn 
apart at the nodes. Seventy hours after nerve 
section (nerves excitable ; small decrease in con- 
duction velocity ; considerable decrease of the height 
of the action potential) continuity of most of the 
axons is intact but in a few, breakdown of con- 
tinuity can be observed. The myelin sheaths are 
swollen but no ovoid formation can be observed. 
Seventy-two hours after nerve section (nerve not 
excitable), most of the axons are breaking down into 
segments, but there is still continuity of a few fibres, 
especially the thicker ones. The axons are swollen. 
Often there is only a thin strand of connecting 
axoplasm and breakdown of continuity occurs often 
at the nodes (Fig. 3). In some fibres there is con- 
siderable retraction of the myelin at the nodes of 
Ranvier, but only in a very few fibres can breakdown 
of the myelin sheath into segments be observed 
(Fig. 4). Eighty-six hours after nerve section, all 
of the nerve fibres show breakdown of continuity of 
the axons. Some of the large myelinated fibres are 
found in large digestive chambers which contain 
small twisted segments or even granular fragments 
of axonic material (Fig. 5). Seven days after nerve 
section the axons show a similar picture. They 
are broken down into small segments or granules. 
Some tubes are empty for longer stretches. The 
myelin sheaths are now breaking down into ovoids 
and smaller globules, but some sheaths still show 
continuity (Fig. 6). 

Degeneration does not progress in all nerve fibres 
at the same rate, and it appears that in general the 
small medullated fibres are affected before the 
large ones. However, with the failure of trans- 
mission of nerve impulses, breakdown of the axons 
into segments can be observed in almost all the nerve 
fibres. At this time many myelin sheaths still show 
continuity, and apart from some swelling there are 
no certain changes. Loss of continuity of the axons 
is therefore a useful index of degeneration in the 
morphological sense, and can be correlated with the 
physiological failure of transmission of nerve 
impulses. 


Effect of Age on Rate of Degeneration.—In five 
2-month old rabbits the peroneal nerves were cut at 
an initial operation. Forty-eight, 66, 68, and 70 
hours later the nerves were excised and their 
excitability was tested. Failure of transmission of 
nerve impulses was recorded between 66 to 68 hours 
after nerve section. In rabbits of | to 2 years of age 


excitability disappeared between 71 to 78 hours 
after nerve section. It appears therefore that the 
rate of degeneration decreases with age, and this 
finding often explains the individual variations 
found when testing the rate of degeneration of 
different animals. 


Rate of Degeneration of Motor and Sensory Nerve 
Fibres.—Preliminary results of these experiments 
have already been reported (Gutmann and Holubar, 
1949). The sural nerve—a purely sensory nerve—and 
the peroneal—a mixed nerve—were used in these 
experiments, and comparison was made always 
between the nerves of the same animal. Thirty-one 
1 to 2-year-old rabbits were used. In the sural 
nerve conduction failed after about 63 to 68 hours, 
and in the peroneal nerve after about 72 to 80 hours 
after nerve section. It appears therefore that 
sensory nerve fibres degenerate earlier than the 
motor nerve fibres. The height of the action 
potential decreases with an increasing time of 
degeneration, and this occurs more quickly in the 
sensory nerve fibres. Fig. Y shows the action 
potentials from the peroneal (A) and the sural 
(B and C) nerve immediately and 48 hours after 
nerve section. During this time the height of the 
action potential in the peroneal nerve had decreased 
by 50%. In the sural nerve the decrease of the height 
of the action potential is much more marked (98°). 
However, the C spike is, though much smaller, still 
larger than the A spike. This finding would suggest 
that some unmedullated fibres are relatively more 
resistant than the A fibres (Weddell and Glees, 1941). 


Rate of Degeneration in Unconnected Nerve 
Fibres.—Another factor affecting the rate of degen- 
eration might be the vascularization of the interrupted 
nerve trunk. This factor could to some extent be 
studied in unconnected degenerating nerve fibres, 
i.e., nerve trunks which were cut at two levels, high 
and low. In this way part of the blood supply was 
interrupted. In 16 rabbits the peroneal nerves 
were cut high up in the thigh on both sides, but also 
lower down at the knee on one side only. The 
wounds were mostly reopened shortly before the 
time at which failure of transmission of nerve 
impulses could be expected. When recording the 
electrical responses the distance between stimulating 
and recording electrodes was the same in both nerves 
and the same amplification was used for both nerves 
of the same animal. In the distally connected 
nerves the height of the action potentials were 
expressed as percentages of those of the unconnected 
(i.e., twice-sectioned) nerves. After 24 hours it was 
95% and 58%; after 48 hours, 47% and 33%; 
after 65 hours, 69% ; after 66 hours, 33% and 32% ; 
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Fic. Y.—Action potentials of the peroneal (A) and the sural (B and C) nerves of the control side (left), and 48 hours 
after section (right). Fig. C shows the action potential of the sural nerve at a slower time sweep, thus recording 

the C spike. Forty-eight hours after nerve section, the height of the action potential in the peroneal nerve 
| is 50% of the control side; the decrease of the height of the action potential in the sural nerve is much more 
marked. In the normal sural nerve the A spike is three times larger than the C spike ; 48 hours later the C spike 
is twice as large as the A spike. (Time 0-4 m/sec.) 
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after 70 hours, 46%, 15%, and 47%; after 71 
hours, 75%, and 7%; after 72 hours, 71%; and 
after 73 hours, 25°. Failure of transmission of 
nerve impulses in the unconnected (i.e., twice- 
sectioned nerve) was never recorded before that of 
the connected (i.e., once-sectioned nerve) one. 
Indeed, in two cases failure of transmission could 
be recorded (at 72 and 73 hours after nerve section) 
in the connected nerve, while in the unconnected 
nerve the amplitude was siill relatively high 
(about 400 vV). The height of the spike in the 
periods shortly before failure of transmission of 
nerve impulses was always greater in the uncon- 
nected nerve, but this relation did not show a 
systematic change with increasing degeneration. 
However, the individual variations of the rate of 
degeneration are considerable in different animals 
and such a correlation, if it existed, could probably 
only be detected in the nerve of one animal. 


Rate of Degeneration in Autotransplanted Nerves. 
—In five rabbits the peroneal nerve was cut twice, 
i.e., high and low, and completely isolated and 
inserted freely between the muscles. The degener- 
ating nerves were thus without any blood supply. 
Forty-eight, 66, and 70 hours (three cases) after nerve 
section the wounds were reopened and the nerves 
tested for excitability. Action potentials were obtain- 
able 48, 66, 70, and 70 hours after nerve section. Only 
in one case (70 hours after nerve section) was failure 
of transmission of nerve impulses recorded. There is 
therefore no certain evidence of quicker degenera- 
tion in autotransplanted nerves. Differences, if 
present, are certainly very small. In one case the 
peroneal nerve was transplanted subcutaneously, 
and 48 hours later action potentials were obtainable. 
In another case the peroneal nerve was transplanted 
intraperitoneally, and 48 hours later it was possible 
to obtain action potentials, though the height of the 
action potential was smaller than on the control side 
where degeneration in the connected peroneal nerve 
was tested. It is therefore probable that under 
these latter unfavourable conditions degeneration 
takes place at a quicker rate. though the difference 
does not seem to be very marked. 

The observation that degeneration in auto- 
transplanted nerve fibres does not proceed ata 
quicker rate suggests that the disturbance of vas- 
cularization which is produced by isolating and twice 
cutting the nerve does not affect the rate of degenera- 
tion. Further, histological preparations taken from 
autotransplanted nerve fibres sectioned three days 
previously, show no certain differences from those 
taken from degenerating nerve fibres with their end 
organs connected. Seventy-two hours after nerve 
section the axons show breakdown of their con- 


tinuity, the myelin sheaths show early ovoid forma- 
tion in some fibres and may have a flaky appearance 
with irregular vacuolization. Seven days after 
nerve section there is a complete breakdown of the 
axons; the myelin sheaths show typical ovoid 
formation, but also bad staining and a flaky 
appearance. Up to three days after nerve section, 
the histological picture of degeneration in un- 
connected autotransplanted nerve fibres is not much 
different from that in connected nerve fibres. The 
flaky appearance and poor staining of the myelin 
sheaths seems to be the only difference, and this is 
more apparent seven days after nerve section. At 
this stage there is also necrosis of many Schwann 
cells and intra- and epi-neural fibrosis. No doubt, 
these segments devoid of blood supply will in due 
course be broken down by the phagocytolytic action 
of mesenchymal elements. This study, however, is 
not concerned with the ultimate fate of such tissue 
in the organism. 


Rate of Degeneration in Regenerating Nerve Fibres.— 
In some of the previous experiments it was shown 
that motor nerve fibres degenerated more slowly 
than sensory ones. Motor nerve fibres are thicker 
than are sensory, and it appeared that thickness of 
myelin sheath is an important factor in determining 
the rate of degeneration after nerve section. It 
appeared therefore important to test this factor on 
nerve fibres which under certain conditions have a 
small diameter of axons and myelin sheaths. 
Regenerating nerve fibres were therefore chosen as 
they are thin and attain a progressively larger 
diameter during regeneration (Gutmann and Sanders, 
1943). 

In four rabbits the peroneal nerves were crushed 
on one side in the middle of the thigh. Two months 
later the peroneal nerves were cut on both sides just 
above the crush on the previously operated side. 
In one animal the wound was reopened 24 hours 
later and the nerves were tested for excitability. 
Excitability on the previously crushed side was 
still present, the height of the action potential being, 
however, very small (84% of the control side). 
In three animals the nerves were excised 48 hours 
after nerve section. Failure of transmission of 
nerve impulses could be observed in all cases. 
Regenerating nerve fibres undergoing degeneration 
at this time had already lost their excitability, 
whereas almost normal excitability could be observed 
at the control side. Regenerating nerve fibres 
degenerate therefore at a quicker rate, the latter 
being perhaps dependent on the small diameter of 
the nerve fibres during regeneration. 


Rate of Degeneration in Central Stump of a 
Sectioned Nerve Trunk.—In a preliminary report 
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(Gutmann and Holubar, 1948) we have shown that 
considerable changes are taking place in the central 
stump of a sectioned nerve. Six months after nerve 
section there is a decrease of conduction velocity by 
30%, of the amplitude of the action potential 
by 50%, and of the thickness of the myelin 
sheath by 27%. These changes in the central 
stump of a sectioned nerve are apparently the 
result of relative inactivity. According to the 
relation between conduction velocity and thickness 
of a nerve fibre (Erlanger and Gasser, 1937; 
Grundfest, 1940) there is also a corresponding 
decrease of conduction velocity. Cutting the nerve 
fibres produces therefore thinner myelin sheaths 
and in such fibres of the central stump the rate of 
degeneration was measured. 

In three rabbits the peroneal nerve was cut and 
resected at the knee to make reinnervation of the 
peripheral stump impossible. Six months later a 
reoperation was performed, and the central stump 
of the sectioned peroneal nerve was cut high up in 
the thigh (thus causing degeneration in an uncon- 
nected segment of nerve), whereas on the control 
side the normal peroneal nerve was cut twice 
(i.e., high up in the thigh and lower down). In one 
animal the nerves were excised 24 hours later, and 
their excitability was tested. Action potentials in 
the sectioned central stump were obtained, but the 
height of the action potential was considerably 
smaller than on the control side (25° of the 
control side). In the remaining two animals the 
nerves were excised 48 hours after section. In the 
sectioned central stump failure of transmission was 
recorded whereas normal excitability was recorded 
on the control side. 

In three animals the peroneal nerve was cut on 
one side and the reoperation at which the peroneal 
nerves were cut on both sides (high and low on the 
control side, high on the previously operated side) 
was performed one year later. Twenty-four hours 
later the sectioned central stump was still excitable, 
but the height of the action potential was only 50 
per cent. of that of the control side. In the second 
animal excitability was tested 32 hours after section. 
The sectioned central stump was excitable, but the 
height of the action potential was now only 7% 
of that of the control side. In the third 
animal excitability was tested 48 hours after section. 
The sectioned central stump was no longer excitable, 
whereas almost normal excitability was recorded on 
the control side. 

Therefore, nerve fibres in the central stump of a 
sectioned nerve, which have thinner myelin sheaths, 
also degenerate at a quicker rate. These experi- 
ments provide further evidence of the effect of thick- 
ness of the myelin sheath on the rate of degeneration. 
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Degeneration in Homoeotransplanted Nerves.—In 
seven rabbits the peroneal nerves were cut, isolated, 
and resected and transplanted between the muscles 
of the thigh of another rabbit. Twenty-four, 38, 
and 44 hours later the wounds were reopened, when 
the homoeotransplanted nerves were still found to be 
excitable. In four animals in which excitability was 
tested 48 hours after grafting failure of transmission 
was demonstrated. Homoeografts, therefore, iose 
excitability quicker than autografts. In similar 
experiments undertaken in rats, the homoeografts 
again lost excitability about 48 hours after grafting. 

Histological preparations taken from these free 
homoeografts show the following changes. Twenty- 
four hours after grafting, axons and myelin sheaths 
show no certain differences to those of the autografts. 
The Schwann cells, however, show irregular out- 
lines, and some of them pyknosis. There is con- 
siderable infiltration of leucocytes and lymphocytes, 
especially epineurally, but also at some _ places 
intraneurally. Forty-eight hours after grafting a 
few axons show breakdown of continuity. Many 
axons show marked fusiform swellings with thin 
connecting bridges, and it seems that these changes 
are at this interval more marked than in autografts. 
The myelin sheaths show no changes different from 
those of autografts. Many Schwann cells have a 
pale cytoplasm ; some are pyknotic and irregular in 
outline. There is a massive infiltration of lympho- 
cytes and leucocytes (Fig. 8), especially in the 
perineurium. Seventy-two hours after grafting 
(Fig. 7) there is a complete breakdown of the axons, 
with the myelin sheaths breaking down into seg- 
ments ; this myelin change seems to be more ad- 
vanced than in autografts. 

On the whole the histological differences between 
homoeografts and autografts as regards the break- 
down of axons and myelin sheaths, is small. The 
small degree of breakdown of axons 48 hours after 
grafting cannot be correlated to the quicker failure 
of transmission of nerve impulses. It is possible 
that the early degenerative changes in the Schwann 
cells and the considerable small cell infiltration are 
related to the quicker loss of excitability. 


Rate of Degeneration in Heterotransplanted 
Nerves.—In nine rabbits the peroneal nerves were 
removed and grafted between the muscles of the 
thigh of rats. Eight, 10, 15, and 24 hours later the 
heterografted nerves were tested for excitability. 
The results were as follows: Action potentials 
after 8 hours, +, + ; after 10 hours, +, —; after 
15 hours, —, —, —, —; and after 24 hours, —. 


In six rats the sciatic nerves were removed and 
grafted between the muscles of the thigh of rabbits. 
action potentials after 


The results were as follows : 
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15 hours, +, —, —; after 20 hours, —, —; and 
after 24 hours, —. 

Failure of transmission of nerve impulses in 
heterografts is therefore recorded at an earlier time 
(i.e., about 15 hours after grafting) than in homoeo- 
grafts. 

Histological preparations from the heterografts 
showed the following changes. Eight, 15,and 24 hours 
after heterografting the axons and myelin sheaths 
show no sign of disruption of continuity. Twenty- 
four hours after grafting the Schwann cells show a 
pale cytoplasm, granular and pyknotic nuclei, and 
there is a considerable small cell infiltration in the 
perineurium as well as between the nerve fibres. 
Forty-eight hours after grafting the majority of the 
axons show intact continuity: the axons are 
swollen and show at places irregular and poor 
staining. A few axons are breaking down into 
cuboid fragments. The same appears to occur in 
a few myelin sheaths. There is a massive small cell 
infiltration (Fig. 9). In heterografts three and four 
days old continuity of axons and myelin sheaths are 
mostly preserved, but in some axons there is break- 
down to short twisted and sometimes cuboid 
segments (Fig. 10). Also some myelin sheaths 
show definite breakdown into ovoids (Fig. 11). 
Schwann cells are difficult or impossible to identify ; 
many are pyknotic or necrotic and there is a marked 
small cell infiltration. (The early changes in 
Schwann cells in homoeo- and heterografts will be 
described in a separate paper.) In seven-day-old 
heterografts the majority of the axons and myelin 
sheaths shows still intact continuity, so that in 
heterografts even at this interval “‘ degeneration ”’ 
does not occur in the same way as in homoeo- and 
autografts. What is more, the failure of trans- 
mission of nerve impulses occurs, unlike auto- 
grafts, at a time when there is still continuity of the 
axons. Other factors leading probably to anoxia 
of the nerve fibres must be responsible, and it is 
possible that during homoeo-, and especially hetero-, 
degeneration the Schwann cells quickly cease 
metabolic activities and that this affects trans- 
mission in the nerve fibres. 


Degeneration of Nerves in vitro.—The foregoing 
experiments have shown that different factors affect 
the rate of degeneration of nerve fibres. However, 
the in vivo testing of the excitability of nerve fibres 
has the disadvantage that the nerve fibres can be 
examined only once. It was therefore thought that 
observations on degeneration of nerve fibres in 
vitro might offer a method which would allow of 
testing a nerve fibre repeatedly during a longer time. 
Moreover, physiologists often do not realize that 
when testing electrical characteristics of excised 


nerves during a longer time (as is often done in 
pharmacological experiments) they are in fact 
performing experiments on nerves degenerating 
in vitro. 

Histological changes in nerve fibres kept in Ringer 
solution at 38° C. were observed by Feiss and 
Cramer (1913), but no systematic electrophysio- 
logical data seem to be available. In three rabbits 
the peroneal nerves were excised and immersed in a 
dish of Ringer solution kept at 38° C. in a thermostat. 
Failure of transmission of nerve impulses could be 
observed one to two hours later. Histologically 
these nerves show, of course, no signs of degenera- 
tion. Loss of excitability is apparently due to 
anoxia. Experiments were therefore undertaken in 
15 rabbits, and the nerves were immersed in a dish 
of Krebs solution at 38° C., which was supplied 
continuously at a rate of 0-1 to 0-2 litres per minute, 
with a gas mixture of 95% O, and 5% CO,. 





Fic. Z.—Action potentials of the peroneal nerve of the 
rabbit (a) immediately after excision of the nerve 
(conduction velocity 70 m/sec.), (6) 26 hours after 
degeneration in vitro (conduction velocity 42 m/sec.), 
two hours later the nerve was no longer excitable. 
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Fic. 10.—Axons of a peroneal nerve four days after hetero- 
grafting. (Gross Bielschowsky, x 750.) 
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Fic. 8.—Peroneal nerve 48 hours after homoeo- 
grafting. (Hematoxylin and eosin, x 30.) 







Fic. 11.—Myelin sheaths from the peroneal nerve four days 
after heterografting. (Spielmeyer x 380.) 


Fic. 9.—Peroneal nerve 48 hours after heterografting. 
(Hematoxylin and eosin. x 30.) 
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Fic. 13.—Myelin sheaths of fibres of the peroneal nerve Fic. 12.—Axons of the peroneal nerve 27 hours after 
27 hours after “degeneration” in vitro. (Spiel- “degeneration ’”’ in vitro. Nerve excitable. 
meyer, X 380.) (Gross Bielschowsky, x 750.) 
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Fics. 14. and 15.—Axons of the peroneal nerve 48 hours after “‘ degeneration ”’ in vitro. Nerve not excitable. Breakdown } 
ons into irregular segments. (Gross Bielschowsky, 750.) 
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Fics. 16 and 17.—Myelin sheaths of fibres of the peroneal nerve 48 hours after ‘‘ degeneration” in vitro. They are 
breaking down into ovoids and globules, show a flaky appearance, and sometimes stain poorly. (Spielmeyer, x 380.) / 
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Fig. 18.—Axons in the peroneal nerve left to autolyse in Fic. 19.—Myelin sheaths of fibres in the peroneal nerve left t 
the dead rabbit for five days at a temperature of 20° C. to autolyse in the dead rabbit for five days at a tempera- 
The axons are breaking down into small segments and ture of 20°C. They show bad staining and are breaking 


granules. (Gross Bielschowsky, x 750.) down into segments and ovoids. (Spielmeyer, x 380.) , 
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The excitability of the nerves was then tested 
repeatedly at intervals of six hours. Failure of 
transmission of nerve impulses was recorded between 
24 to 51 hours (36-+-7). There is a considerable 
scatter of the data (much more than in degeneration 
in vivo), indicating interference by some uncontrolled 
factors. During degeneration the height of the action 
potential decreases progressively, but earlier than 
in nerve fibres degenerating in vivo. Conduction 
velocity decreases earlier and much more than in 
nerve fibres degenerating in vivo. This is shown in 
Fig. X where conduction velocity is expressed as a 
percentage of that recorded immediately after 
excision of the nerve. A decrease of conduction 
velocity up to 42°, was observed in one of 
the nerves tested. Fig. Z shows the changes in one 
of the nerves tested. In this case the conduction 
velocity 26 hours after excision was 58% of 
that recorded at the beginning of the experiment. 
Two hours later the nerve was no longer excitable. 

Similar experiments were performed with the 
sciatic nerve of rats. Failure of transmission of 
nerve impulses was observed 24 to 36 hours after 
excision of the nerves. 


Histological Observations (Peroneal Nerve of 
Rabbits). Twelve hours after excision (action 
potential, +) the axons are at places swollen but 
their continuity is everywhere intact, while the 
myelin sheaths show no breakdown of continuity. 
Twenty-four hours after excision (action potential, 
+) there is still continuity of axons, but they are 
considerably swollen with the formation of thin 
connecting bridges. The myelin sheaths have a 
flaky appearance, and in some of them there is 
already a definite breakdown of continuity. Twenty- 
seven hours after excision (action potential, +) 
almost all of the axons are still in continuity (Fig. 12) 
but the myelin sheaths now show the formation of 
ovoid fragments which in some fibres are already 
very prominent (Fig. 13). Thirty-two hours after 
excision (action potential, +) examination shows a 
similar picture, but the formation of ovoids in the 
myelin sheaths is very marked. At this stage there 
is a considerable decrease of conduction velocity of 
the nerve fibres. Forty-eight hours after excision 
(action potential, —) all of the nerve fibres show 
loss of continuity. There is irregular breakdown 
of the axons, often with formation of fusiform 
swellings or small granules (Figs. 14. and 15). The 
myelin sheaths show no complete breakdown into 
globules and ovoids, but in many fibres the myelin 
shows a lack of staining reaction and has a flaky 
appearance (Figs. 16 and 17). Seventy-two hours 
after excision the axons and myelin sheaths show 
complete breakdown of continuity. The myelin in 


some fibres is broken down into small granules, 
the axons into clumps and granules. The morpho- 
logical picture of degeneration in vitro is therefore 
similar to that observed in degeneration in vivo. 
Breakdown of the continuity of the axons can, 
similarly as in vivo, be correlated with failure in 
transmission of the nerve impulse. Before this 
occurs, however, there are definite changes in the 
myelin sheath. It appears that these rapidly pro- 
gressing changes in the myelin sheaths are related 
to the considerable decrease of conduction velocity 
in nerve fibres degenerating in vitro. Such a 
decrease of conduction velocity is never observed in 
nerve fibres degenerating in vivo, which up to the 
time of failure of transmission of nerve impulses 
show few changes of their myelin sheaths. Other- 
wise, degeneration in vitro follows essentially the 
same morphological pattern as in vivo. There is 
breakdown of the axons and myelin sheaths with 
the typical formation of ovoids and globules. 
Failure of transmission of nerve impulses sets in 
earlier than in nerve fibres degenerating in vivo. 
It is however possible that better technical methods 
may slow down the rate of degeneration in vitro. 


Degeneration of Nerve Fibres after Death.—After 
death the nerve fibres maintain excitability for a 
short time. At a temperature of 38° C. failure of 
transmission of nerve impulses is recorded between 
two and a half and three and a half hours (four 
observations), and at a temperature of 20° C. 
between three and four and a half hours after death 
(four observations). 

At this interval the nerve fibres show no definite 
histological changes, and the loss of excitability is 
apparently due to anoxia. If the dead animals are 
kept at a temperature of 20° the nerves still do not 
show marked changes 24 and 48 hours after death. 
There is still continuity of the axons and myelin 
sheaths, the axons are at places swollen and may 
show irregular or poor staining, while the myelin 
sheaths may show varicose swellings. Seventy-two 
hours after death most of the axons are still intact, 
but some show breakdown of continuity. The 
myelin sheaths show many varicose swellings and 
some ballooning ; in a very few fibres ovoid forma- 
tion can be observed. Four days after death the 
axons show irregular outlines, and often poor 
staining, and some show breakdown of continuity 
into smal) segments or granules. The myelin 
sheaths show marked varicosities and ballooning, 
and also breaking down into short segments, ovoids, 
or granules. The myelin often stains pale blue 
and has a flaky appearance. A similar picture is 


seen five days after death. The axons are breaking 
down into small segments of irregular outlines or 
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small granules (Fig. 18), the myelin sheaths show not 
only irregular staining and a flaky appearance, but 
also breakdown into ovoids and short segments 
(Fig. 19). 

During post-mortem autolysis axons and myelin 
sheaths show therefore characteristic changes, which 
consist of a breakdown of continuity as occurs 
in vivo after nerve section. Bad staining and a 
flaky appearance of the myelin sheaths are absent 
during degeneration in vivo, but on the whole the 
breakdown of axons and myelin sheaths follows a 
similar pattern as in vivo. 


Discussion 


The physiological properties of nerves undergoing 
Wallerian degeneration have been studied re- 
peatedly (Rosenblueth and Dempsey, 1939 ; Titeca, 
1935; Parker, 1933; Erlanger and Schoepfle, 
1946). Examination of these studies, however, 
reveals a number of inconsistencies. In the present 
study an attempt has been made to correlate 
morphological and physiological data and thus to 
determine the possible causes of the inconsistencies 
found in the reports of previous work. Titeca 
(1935) found during degeneration a striking exagger- 
ation of fatigueability which appeared relatively early 
and developed in centrifugal direction. A centri- 
fugal course of degeneration was also assumed by 
Rosenblueth and Dempsey (1939) and by Parker 
(1935). Erlanger and Schoepfle (1946), however, 
did not find a significant increase of fatigueability 
and did not confirm a centrifugal course of degener- 
ation. They found failure of conduction at scattered 
loci increasing in frequency towards the periphery 
of the nerve. In our experiments we did not find 
any indication of a centrifugal course of degenera- 
tion. Jn vivo failure of conduction appeared to 
take place simultaneously in the proximal and 
distal half of the sectioned nerve trunk, and in vitro 
conduction failed at the ends of the nerve stump 
before the centre. This may be due to the pro- 
trusion and loss of material from the open ends of 
cut nerve fibres into the surrounding fluid. This 
apparently leads to an increase of interstitial fluid 
which is indicated by the softening and swelling of 
the ends of the nerve trunk. The increased inter- 
stitial fluid may act as a shunt for the recorded 
action potential and lead to lowering of its height 
at the ends of the nerve. 

There are also some discrepancies when con- 
sidering conduction velocity of degenerating nerve 
fibres. Erlanger and Schoepfle (1946) found in 
their preparations that conduction rates three days 
after nerve section were normal in the proximal 
parts but possibly declined slightly towards the 
periphery. This finding is, according to the 


authors, compatible with abrupt failure of con- 
duction at random loci increasing in frequency 
towards the periphery. Rosenblueth and Dempsey 
(1939), however, found a small decline of con- 
duction velocity during longer periods of degenera- 
tion, and they recorded an increase of conduction 
velocity towards the periphery. In our experiments 
we found a small but consistent decline of con- 
duction velocity, the latter being the same in 
proximal and distal parts of the nerve. A progres- 
sive diminution of the spike potential magnitude, 
as measured from the area of the action potentials 
(Erlanger and Schoepfle, 1946) was found in all 
experiments (Rosenblueth and Dempsey, 1939; 
Erlanger and Schoepfle, 1946). We have made the 
same observation and our data correspond to those 
obtained by the other authors. Rosenblueth and 
Dempsey (1939) also found an increase of the spike 
potential magnitude as the stimulating cathode was 
moved peripherally and concluded that degeneration 
follows a centrifugal course. This was however not 
found by Titeca (1935) and Erlanger and Schoepfle 
(1946). 

It is however difficult to interpret correctly data 
concerning the height or area of the action potential. 
The approximate relation between height of action 
potential and number of conducting nerve fibres is 
well known (Erlanger, Bishop, and Gasser, 1926), 
but this does not indicate an index for degenerating 
nerve fibres. We found continuity of all the axons 
intact at a time when the height of the action 
potential was markedly reduced. This may be due 
to the increase of water content in degenerating 
nerves (Mott and Halliburton, 1905), and conse- 
quently to the increased shunting of the action 
potentials recorded. Moreover, it is possible that 
the action potential of a single nerve fibre may 
decrease during degeneration. Such an assumption 
if verified would, of course, change the relation 
between the height of action potential and number of 
conducting nerve fibres during degeneration. Corre- 
lation of morphological and physiological data 
must therefore be undertaken carefully. The 
physiologically important observation is the time 
at which failure of transmission of nerve impulses 
can be recorded. This time was 71 to 78 hours after 
nerve section in our experiments on 1- to 2-year-old 
rabbits. Visible changes in the nerve fibres can 
however be observed before that time. Weddell 
and Glees (1941) found that changes become 
obvious within 12 hours after nerve section. It is 
clear that these changes, such as fusiform swelling 
or undulating outlines of the axons, may have 
some physiological significance but they do not 
abolish conduction of impulses. Failure of trans- 
mission of nerve impulses was observed once the 








a 
n 
n 
t 
I 
s 
£ 
J 
I 
‘ 
‘ 
( 
1 
( 
) 
| 








DEGENERATION OF PERIPHERAL NERVE FIBRES 


majority of the nerve fibres showed breakdown of 
continuity of the axons. At this time no consistent 
changes in the myelin sheaths of nerve fibres 
degenerating in vivo could be observed. We have 
therefore used the loss of continuity of the axons 
as the index of degeneration in the morphological 
sense, and this index can be correlated with the 
physiological data. If, however, the term “ signs 
of degeneration” is used in a vague sense only, 
misinterpretations when correlating morphological 
and physiological data are unavoidable. Erlanger and 
Schoepfle (1946) quote Weddell and Glees (1941) who 
find that all nerve fibres show signs of degeneration in 
some part of their course 48 hours after nerve section. 
On the basis of these morphological observations 
and of their findings that 25% of the fibres 
may still be responding almost, if not quite nor- 
mally, 72 hours after nerve section, they conclude 
that conduction ceases only with disruption of the 
myelin sheath. Rosenblueth and Dempsey (1939) 
state that even when the structure of the nerve is 
grossly disrupted, its electrical excitability, spike 
potential, and conduction velocity may be practically 
normal. It is therefore necessary to define more 
exactly the term degeneration in the morphological 
sense. In our experiments we found that failure 
of transmission sets in when loss of continuity of 
the axons appears, even though no consistent 
changes are detectable in the myelin sheaths. This 
presumably explains the observation that irreversible 
loss of function appears quite suddenly (Rosen- 
blueth and Dempsey, 1939 ; Erlanger and Schoepfle, 
1946; Titeca, 1935). 

However, it is clear that a completely reliable 
correlation of physiological and morphological data 
is possible only by a study of single fibres, and such 
a study should be possible. We have however been 
concerned mainly with the factors affecting the rate 
of degeneration. Such a study is complicated by 
the fact that not all fibres in a nerve trunk degenerate 
at the same rate. We found that sensory degenerate 
more quickly than motor nerve fibres and this agrees 
with the morphological findings of Moenkeberg and 
Bethe (1899) and those of Weddell and Glees (1941). 
Rosenblueth and Dempsey (1939) conclude on the 
basis of indirect evidence that the fastest fibres are 
the first to degenerate, but their conclusion is based 
on the assumption that degeneration follows a 
centrifugal course, and this has not been sub- 
stantiated. In a few nerves they also found a 
normal C spike at a time when the A spike was 
considerably smaller than normal. Similarly, we 
found at a later stage of degeneration the C spike 
to be larger than the A spike. It is possible that a 
number of unmedullated nerve fibres degenerate 
more slowly than the touch fibres (Weddell and 
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Glees, 1941). In any case, we did not observe 
failure in a motor nerve before that of a sensory 
nerve. We considered therefore (Gutmann and 
Holubar, 1949) that thickness of the myelin sheath 
may be the main factor in determining the rate of 
degeneration after nerve section, and that these 
findings may be useful when classifying nerve fibres 
according to their morphological and physiological 
characteristics. Some evidence for this assumption 
was afforded by experiments in which we “ pro- 
duced ”’ thin nerve fibres, i.e., regenerating fibres 
and fibres in the central stump of a sectioned nerve 
trunk, and followed their rate of degeneration. 
Such nerve fibres degenerate more quickly, and it 
appears that during regeneration, i.e., with the 
increase of the diameter of the nerve fibres, the rate 
of degeneration decreases progressively. It will 
be necessary to study the time course of degeneration 
in other sets of nerve fibres, especially sympathetic 
nerve fibres, before general conclusions can be made. 

A surprising observation is the finding that 
unconnected nerve fibres (in a _ twice-sectioned 
nerve trunk) do not lose excitability earlier than in 
a connected one, and that the action potential in 
such a nerve was always higher than in the con- 
nected (once-sectioned) nerve. We may therefore 
conclude that in some of the peroneal nerve fibres 
failure of transmission of nerve impulses sets in 
earlier in connected than in unconnected nerve 
fibres. That these fibres which lose excitability 
earlier are not necessarily motor fibres is suggested 
by the observation that conduction velocity which 
would be related to the quickest, i.e., motor nerve 
fibres, was always the same in both connected and 
unconnected nerve. We suggest that the proprio- 
ceptive nerve fibres especially are dropping out at a 
quicker rate in the connected nerve, and that this 
produces the smaller spike of the action potential of 
the connected nerve. It is probable that after 
section of a mixed nerve the proprioceptive nerve 
fibres are still being stimulated by the many changes 
of tension of the muscles which must still be 
operative. Such stimuli will of course not be active 
in fibres unconnected with their end organs, i.e., 
the muscle spindles. It has been shown that con- 
tinuous stimulation of nerve fibres increases the 
rate of degeneration (Cook and Gerard, 1931), and 
it is therefore suggested that continuous stimulation 
of the proprioceptive nerve fibres results in quicker 
degeneration, and that this produces the smaller 
spike potential of a sectioned nerve connected with 
the end organs. It is also possible that the same 
factor, i.e., continuous stimulation of degenerating 
nerve fibres connected with their end organs, plays 
a part in the quicker rate of degeneration of skin 
sensory nerve fibres. 
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It is therefore not surprising that the rate of 
degeneration is not significantly altered in a “ free 
nerve graft’. The method of recording failure of 
transmission of nerve impulses in these grafts 
enabled us to compare the rate of degeneration in 
auto-, homoeo-, and hetero-grafts. The time of 
failure of transmission of nerve impulses in homoeo-, 
and especially in hetero-grafts, could not be corre- 
lated with the morphological findings as was the 
case in autografts. In these grafts excitability 
ceased at a time when axons were still in continuity. 
Failure of transmission of nerve impulses was 
therefore due to other factors than the breakdown 
of the continuity of the axons. It is probable that 
the grafts act as antigens calling forward the forma- 
tion of antibodies which destroy the graft. The 
quicker “* degeneration’ of homoeo- and hetero- 
grafts seems to show the result of an immuno- 
biological reaction as observed in homoeografts of 
skin which are destroyed by a reaction conforming 
in broad outline to that of active acquired immunity 
(Medawar, 1944 and 1945). However, the quick 
reaction without the usual latent period allows 
another explanation. Homoeo- and hetero-grafts 
produce a prompt and considerable cellular reaction 
and it is possible that this cellular reaction on the 
part of the host accomplishes the early destruction 
of the graft. Such an explanation would be in 
accordance with Loebs’ theory (1930) of a local 
cellular mechanism. We cannot answer this ques- 
tion on physiological or histological grounds, but 
we may note that the “‘ rate of degeneration” in 
homoeo- and hetero-grafts may give a quantitative 
test for immunobiological reactions, and may 
provide a means of testing the “ denaturing” or 
** desensitizing ’’ processes of the host. 

In homoeografts ‘* degeneration ’’ (breakdown of 
axons and myelin sheaths) proceeds on the whole as 
in autografts. In heterografts many fibres persist, 
but breakdown of axons and myelin sheaths does 
occur though delayed and in an abnormal manner. 
This finding agrees with that of Macabruni (1911), 
but not with those of Merzbacher (1905) and Sanders 
and Young (1942) who did not find any signs of 
Wallerian degeneration in heterografts. In homoeo- 
and much more pronouncedly in hetero-grafts, there 
is a quick pyknosis and often necrosis of the Schwann 
cells. The Schwann cells in heterografts do not 
undergo proliferation (Sanders and Young, 1942). 
The process in the Schwann cells apparently pro- 
duces considerable connective tissue reaction and 
collagenization of the Schwann tubes, which will 
make later regeneration through this scarred tissue 
difficult or impossible. 

The question whether Wallerian degeneration is 
a “‘ vital ”’ process and whether it takes place only in 


a medium of living tissue has been discussed 
repeatedly. Moenkeberg and Bethe (1899) con- 
cluded from their experiments that the process of 
Wallerian degeneration takes place only in nerves 
lying in a medium of living tissue, but Feiss and 
Cramer (1912) showed that nerves kept in Ringer 
solution showed “ the classical signs of Wallerian 
degeneration’ as seen in nerves of living animals. 
They did not, however, find a positive Marchi 
reaction, and there were no signs of nuclear activity. 
Clearly, the changes during degeneration in vitro 
can be compared with those in vivo only as long as 
the nerve can be kept alive. This will not be possible 
for 10 days, and a negative Marchi reaction cannot 
therefore serve as an argument for an assumption 
that degeneration in vitro differs from that occurring 
in vivo. In our experiments, failure of transmission 
of nerve impulses occurs not much earlier than 
in vivo. Morphologically the axons and myelin 
sheaths break up in the same manner. There is a 
quicker breakdown of the myelin sheaths taking 
place before breakdown of the axons and this 
process is apparently related to the considerable 
and quick decrease of conduction velocity. Changes 
in the myelin sheath apparently affect conduction 
velocity. The changes, in vivo, of the myelin 
sheaths which appear before failure of transmission 
of nerve impulses (breakdown of continuity of the 
axons) are relatively small, and correspondingly the 
decrease of conduction velocity is not marked. 
Morphologically, degeneration as indicated by 
break-up of the continuity of the axons and of the 
myelin sheaths, can be observed also during auto- 
lysis of nerves. Morphologically, degeneration, 
whether in vivo, in vitro, or under autolysis, follows 
a similar pattern. There is breakdown into globules, 
droplets, and ovoids. The nerve fibres degenerating 
in vitro, and especially under autolysis, show a flaky 
appearance, and later poor staining, but on the whole 
degeneration follows a_ similar morphological 
pattern. 

Such observations lead to a discussion of the 
question, Why does a nerve fibre degenerate ? 
Waller’s (1852) original answer to this question 
implied that degeneration was due to the loss of 
impulses travelling along the nerve fibres. However, 
Cook and Gerard’s (1931) and our findings indicate 
that stimulated nerve fibres degenerate at a quicker 
rate. Moreover, an unconnected, relatively inactive 
nerve fibre shows changes due to atrophy of inac- 
tivity, but will not undergo the rapid and apparently 
automatic breakdown of continuity of axons and 
myelin sheaths which is characteristic of degenera- 
tion following nerve section. The processes serving 


the quick transmission of nerve impulses cannot 
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continuity of a nerve fibre. Muralt (1945) dis- 
tinguishes between external and internal signals in 
nerve fibres, the latter serving the maintenance of 
reactivity (Betriebsbereitschaft und Betriebssicher- 
This term is a very vague one and unless 
explained more accurately seems to serve no more 
purpose than the equally vague term “ trophic 
influence ”’. 

The factors responsible for the maintenance of 
the continuity of nerve fibres should also define the 
term ‘trophic influence’. The “ trophic influ- 
ences’ in nerve fibres may be somehow specific 
and different from those in other cells. It must 
be remembered that a nerve fibre may in fact be a 
very long (1 metre and more) cell process. The 
metabolism of nerve fibres is therefore the meta- 
bolism of long cells and may have some special 
characteristics. Gerard (1932) suggested that sub- 
stances travelling from the cell nucleus into the 
fibre are involved in the problem of nerve degenera- 
tion. In this connexion it is interesting that the 
material injected below the perineurium moves 
distally in the endoneurial fluid in living and ex- 
cised but not in dead nerve trunks (Weiss, Wang, 
Taylor, and Edds, 1945). It has also been observed 
that the material of axons is fluid and can flow 
freely from the ends of large axons of Cephalopods 
(Young, 1936) and that nucleoproteins pass con- 
tinuously from the nucleus to the neurons (Hyden, 
1943). It is therefore probable that during the 
whole life of the neuron substances are continuously 
passing along the nerve fibres. However, the 
passing down of substances will often only give an 
indication of certain, mainly enzymatic, processes 
going on in the nerve cell and the important task 
will be the definition of these processes which 
apparently maintain the continuity, in fact the so- 
called trophic conditions of the nerve fibres. A 
clear answer to this question is given by Young 
(1944; 1945; 1945) who assumes that Wallerian 
degeneration in a severed nerve is produced by 
operation of forces of surface tension, and that the 
contents of the axons are normally under pressure 
from the nerve cell body. Nerve fibres and their 
sheaths are regarded as viscid liquid columns which 
become unstable once intra-axonal “‘ growth pres- 
sures ” are eliminated by section of a nerve trunk. 
Thus the pressure flow within the axon is thought to 
constitute the ‘* trophic influence ’’ which maintains 
the continuity of a nerve fibre. This theory is based 
especially on morphological observations on the 
pattern of the break-up of axons and myelin sheaths 
which appears to follow “ with almost classical 
regularity the features of the separation of drops ”’. 
The theory suggests that the myelin is a fluid acted 
on by surface tension and seems convincing in its 


simplicity. However, if a nerve fibre is maintained 
intact by pressure within its axon one would expect 
that the speed of breakdown would be the same 
under different conditions. Different factors, how- 
ever (e.g. grafting), affect the rate of degeneration 
considerably. Moreover. it should be possible to 
prevent or delay degeneration by changing the 
osmotic pressure of the fluid surrounding the nerve. 
This however has so far not been demonstrated 
(Young, 1945). 

It appears therefore that surface tension is not 
sufficient to explain completely the trophic influence 
which would maintain the integrity of a nerve fibre. 
The similarity with which degeneration proceeds in 
nerve fibres in vivo, in vitro, and under autolysis 
suggests the effect of a common process. We 
suggest that this common process is the autolysis 
occurring in the nerve fibre which finds its morpho- 
logical expression in the breakdown of the axons 
and myelin sheaths. It is probable that forces of 
surface tension are operating during this breakdown 
of continuity, and affect the morphological pattern 
of degeneration, but the primary process leading to 
the changes following nerve section would be the 
** autolysis in vivo’. The known enzyme complexes 
involved in autolysis are almost exclusively proteo- 
lytic ones and little seems to be known about the 
autolytic break-up of lipoids. The enzymatic pro- 
cesses proceeding during autolysis are essentially 
the same as those occurring in vivo. But in vivo all 
the enzymatic processes are continuously reversible 
and all the processes of breakdown are followed by 
processes of resynthesis. After nerve section certain 
substances will not pass to the peripheral stump 
and enzymatic processes will proceed unhampered 
without being followed by resynthesis and autolysis 
will result. During autolysis an increase of water 
content and liberation of phosphoric acid is ob- 
served (Bradley, 1938), and the same is the case 
during degeneration accompanying the breakdown 
of lipoids to fatty acids and phosphoric acid. This 
process also decreases the pH of the tissue, a factor 
which activates the hydrolysing proteolytic ferment 
kathepsin. 

The assumption that degeneration is autolysis 
in vivo is so far only a working hypothesis, and 
further experiments will be necessary to substantiate 
it. Moreover, it must be noted that not all enzy- 
matic processes in a sectioned nerve have the nature 
of an autolysis. During degeneration, for example, 
the formation of acethylcholine by cholineacetylase 
in the axon decreases, and 72 hours after nerve 
section loss of this enzyme activity amounts to 
70% (Berman and Nachmansohn, 1946) and 


Wallerian degeneration is attended by a loss of 
(Sawyer, 


60% of true cholinesterase content 
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1946). However, it is possible that autolytic 
processes affect these enzymatic processes. For 
the main processes of breakdown of proteins and 
lipoids during degeneration irreversible enzymatic 
processes of autolysis seem to be responsible, and 
this “* autolysis in vivo” follows the same morpho- 
logical pattern as degeneration in vitro and that 
under autolytic conditions. 


Summary 


(1) Factors affecting the degeneration of peri- 
pheral nerve fibres after nerve section in rabbits 
were studied by recording the action potentials and 
correlating the results with the histological picture. 

(2) In the peroneal nerve of adult rabbits trans- 
mission of nerve impulses ceases 71 to 78 hours after 
nerve section. Similar results were obtained in the 
sciatic nerves of rats and guinea-pigs. At this 
stage a breakdown in the continuity of almost all 
axons is observed. 

(3) During degeneration the height of spike 
potentials decreases progressively. This decrease 
is considerable at a time when there is still con- 
tinuity of all the axons. 

(4) The decrease of the conduction velocity 
during degeneration is small, for even just before 
failure of transmission the decrease is only 13% 
of normal. At this time there are only very 
slight changes in the myelin sheaths. 

(5) No differences in the rate of degeneration were 
found between the proximal and distal parts of the 
nerve stump. Degeneration appears to proceed 
simultaneously in the whole nerve stump. 

(6) The rate of degeneration decreases with the 
age of animals. 

(7) Failure of transmission sets in about 10 hours 
earlier in the sural than in the peroneal nerve. Thus 
the sensory nerve fibres degenerate more quickly 
than the motor ones, and this appears to be related 
to their thinner myelin sheaths. 

(8) Regenerating nerve fibres and fibres in a 
central stump, 6 to 12 months after nerve section 
degenerate more quickly. These fibres have thin 
myelin sheaths. Thickness of the myelin sheaths 
is therefore probably an important factor affecting 
the rate of degeneration. 

(9) Some unmyelinated fibres, however, appear to 
be more resistant to degeneration than the A fibres. 

(10) In twice-sectioned nerves (i.e., nerves un- 
connected with their end organs) degeneration 
occurs at the same rate, the amplitude of the action 
potential being always higher than in connected 
ones (i.e., once-sectioned nerves). This is thought 
to be due to the effect of stimulation of proprio- 
ceptive nerve fibres in nerves connected with their 
end organs, on hastening degeneration. 
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(11) Completely isolated autotransplanted nerves 
show the same physiological and morphological 
characteristics as sectioned nerves left in situ. 

(12) In homoeografts the failure of transmission 
of nerve impulses sets in after 44 to 48 hours, while 
in heterografts transmission fails about 15 hours 
after transplanting. The histological picture of 
homoeografts is similar to that of autografts. In 
heterografts some breakdown of axons and myelin 
sheaths does occur, but in most of the fibres no 
breakdown can be observed. 

(13) Isolated nerves kept in vitro (Krebs solution 
with O,+CO, supply at 38° C.) ‘* degenerate ” 
(i.e., lose excitability) about 36 hours after excision. 
This failure of transmission of nerve impulses 
appears to be related to the breakdown of con- 
tinuity of axons. Earlier and considerable changes 
in the myelin sheaths are apparently related to the 
quicker and greater decrease of conduction velocity 
(up to 40%) in fibres degenerating in vitro. 

(14) Nerves left in dead animals cease to conduct 
impulses in 2 to 4 hours, apparently because of 
anoxia, but histologically the axons and myelin 
sheaths show similar characteristic changes (break- 
down) as in vivo. 

(15) The question, Why does the nerve fibre 
degenerate ? is discussed and it is suggested that the 
Wallerian degeneration is due to _ irreversible 
enzymatic processes, i.e., to autolysis in vivo. 
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URAEMIC AND TROPHIC DEATHS FOLLOWING LEUCOTOMY : 
NEURO-ANATOMICAL FINDINGS 


BY 


TURNER McLARDY 


From the Institute of Psychiatry, University of London 


Little has been published concerning the 
occurrence of delayed operative death after 
bilateral prefrontal leucotomy. The term “ delayed 
operative death” in relation to leucotomy was 
introduced by Meyer and McLardy (1948; 
1949) in analysing undesirable clinical sequele 
suffered by patients submitted to leucotomy who 
had survived the danger of fatal operative hemor- 
rhage, and whose brains had in due course come 
under systematic investigation at the Maudsley 
Research Laboratory. I have elsewhere (McLardy, 
1948) described how I deduced from a study of the 
brains and clinical records of 101 leucotomy cases 
that probably as high a proportion of “* the leucoto- 
mized population ’”’ dies a delayed operative death 
within five months of the operation as from 
hemorrhage within two weeks of the operation. 

In these three previous studies it was shown that 
delayed operative death was clearly related to the 
post-mortem finding of leucotomy lesions extending 
posterior to prefrontal domains in both hemi- 
spheres. It was not attempted, however, to decide 
whether the most responsible part of the lesions 
might be damage to the premotor regions, the 
putamen, the caudate nucleus, the posterior parts 
of the orbital region, or structures lying between 
any of these. 
analysis has now been carried out on a larger series 
of cases. The findings, which are tabulated and 
discussed in the present paper, seem to provide 
strong evidence that at least bilateral substantial 
damage to agranular orbital cortex, or to the region 
of the subcallosal fasciculus at certain levels, is 
fatal. 


Material and Data 


The brain material and clinical records of 122 
leucotomy cases have been collected from some 40 
British hospitals. Some of the records are ex- 
tremely sketchy, due to war-time circumstances. 
Most of the patients had not shown sufficient 
clinical improvement to warrant discharge and had 
died in the hospital in which their leucotomy had 


Such a more precise anatomical. 


been performed. The shortest post-operative sur- 
vival period in the series was five hours, the longest 
five and a half years. Thirty-one of the patients 
died from cerebral hemorrhage due to the opera- 
tion, all within 14 days (average 5 days). Four 
died from intracranial infection, all within 16 days 
(average 10 days). Of the remaining 87 cases, 
27 survived for a period of less than six months. 
Of these 27 cases, two are discarded from the 
analysis because of undisputed death from organic 
brain disease, one on account of death by suicide, 
and two others because they are almost certainly 
examples of the liability of post-encephalitic patients 
to die after any surgical operation. This leaves 22 
cases where the particular nature of the early death 
after operation might be causally related to the 
particular leucotomy lesions. 

The 22 cases are listed and numbered serially in 
the Table in the order of length of post-operative 
survival. The only other clinical data tabulated 
are the age at death, the apparent cause of death, 
and, where relevant, the date of recorded onset 
of trophic phenomena. Sex and the nature and 
duration of illness showed no correlation trend 
whatever with the cause or time of death (nor, 
actually, did age at death). On the anatomical side, 
involvement of ‘dorsal non-granular region” 
implies extension of the lesion into cortex or digital 
white matter of the superior frontal gyrus at the 
topographical level of Brodmann’s (dysgranular) 
area 8 or (agranular) area 6 (Fig. 1). The cyto- 
architecture was not checked histologically in every 
case. Involvement of “‘ orbital non-granular region ” 
implies ventral extension of the lesion into those 
dysgranular and agranular zones of cortex, or 
related white matter, which Beck (1949) has deline- 
ated cytoarchitecturally within the posterior half 
of the orbital region in the human brain. The 
figures “3” and “4” plotted in the last column 
of the Table denote involvement of the third or 
fourth antero-posterior quarter respectively of the 
orbital region (Fig. 2): ‘“‘c”’ indicates where 
cortex as well as white matter was affected. By 
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Fic. 1.—Brodmann’s standard cytoarchitectural map 
of the frontal convexity and orbital region. The 
position of the head of the caudate nucleus is 
indicated in black. The relative position of the 
anterior horn and lateral angle of the lateral 
ventricle is represented by the full line. The 
position and extent of the leucotomy lesions (in 
each hemisphere) in cases Nos. 31, 56, and 86, 
are indicated by the interrupted lines. 


“ striatum ”’ is meant caudate nucleus and putamen. 
For the purpose of this analysis the combined 
volume of these two nuclei which lie rostral to the 
anterior commissure was allotted the figure 100. 
The percentage fraction of this volume which was 
damaged in each hemisphere was then estimated 
and tabulated. The two nuclei are not distinguished 
in the Table because separate correlation with 
nature and time of death revealed no suggestive 
trend. The “ subcallosal fasciculus”’’ is a fairly 
distinctive structure visible even in fresh material 
at the lateral angle of the lateral ventricle (Fig. 3) 
lying between the corpus callosum and caudate 
nucleus. In most cases its involvement or non- 
involvement could be determined by inspection. 
When its damage by softening around the lesion 
was doubtful, it was studied in coronal sections 
stained for cells, myelin, and axis cylinders. 

Other anatomical variables which were taken 
into account during the analysis but found to be 
irrelevant in relation to survival time and nature 
of death, were damage to the cingulate gyrus 


(area 24), the cingular belt (area 32), the superior 





longitudinal bundle (Fig. 3), the external capsule, 
the uncinate fasciculus, the claustrum, the extreme 
capsule, and the insular cortex. Penetration of the 
ventricles per se likewise displayed no suggestive 
association with delayed operative death. 





Fic. 2.—Beck’s cytoarchitectural map showing the 
agranular (heavy stippling) and dysgranular (light 
stippling) zones of cortex in the human orbital 
region. The interrupted lines and marginal numerals 
indicate the portioning into quarters employed in 
the present analysis. 
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Fic. 3.—Coronal section at the level of the middle of 
the head of the caudate nucleus, showing the 
position of the subcallosal fasciculus (S), the 
cingulate fasciculus (C), the superior longitudinal 
bundle (S.L.B.), the superior occipito-frontal 
fasciculus (O), and the uncinate fasciculus (U). 
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Discussion 


The absence of any death between the twenty- 
ninth day and the seventh week after operation 
divides the cases in the Table into two groups. 
The eight cases ranging in survival period from 
5 hours to 29 days will be called Group I, the 
remaining 14 cases Group II. That the gap 
between the groups is not due entirely to chance will 
become apparent. 


Group I : Urzmia and Bilateral Damage to Cortex 
of Posterior Parts of Area 47 


A striking feature of Group I is the occurrence 
of four consecutive cases, dying from 20-24 days 
after operation, all from uremia. The concentration 
of urea in the blood was investigated only in 
Nos. 5 and 6, but Nos. 4 and 7 showed very similar 
clinical symptoms. The essentials of the protocols 
after operation are as follows : 


Case No. 4. 


Day after operation 1-9. Very restless. 

9. Generalized jerky movements. 

16. Very drowsy; semicoma- 
tose; blood pressure 116/87 
(pre-operative blood pressure, 
124/90). 

eit dt ’ 17. Deep coma; 
99° F.; 
tion, 30. 

19. Still in coma; slightly cya- 
nosed. 

20. Died in coma. (No blood 
urea recordings. Kidneys not 
remarked upon at necropsy.) 


9 > 99 


99 29 99 


temperature, 
pulse, 124; respira- 


9° > 99 


Case No. 5. 

Day after operation 3. Blood pressure back to nor- 
mal (160/100); no speech; 
blood urea rising. 


aa » 5». Drowsy; retention overflow 
of urine; blood pressure 
normal. 

ee », 6. Blood urea reached peak of 
500 mg. %. 

— » 9. Bladder function normal ; 
blood urea falling; blood 
pressure, 140/85; still no 
speech. 


13. Very pale; temperature, 
99° F 


9° 99 99 


14. Blood urea down to 105 


mg%. 

16. Pupils sluggish ; hand-fed ; 
urine normal ; blood pressure, 
120/60. 

17. Blood urea rising again ; 
blood pressure, 130/90; very 
stuporose ; continual twitching 
of lips ; occasional hiccough ; 
breath smells of urine ; lumbar 
and ankle cedema ; pulse, 120. 

18. Comatose ; blood urea 305 
mg% ; blood pressure too low 
to measure. 


9° > 29 


9° > 99 
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Day after operation 20. Died after generalized con- 
vulsion. (Bilateral, unsuspected, 
advanced pyelonephritis found 
at necropsy.) 


Case No. 6. 
Day after operation 3. Drowsy ; pyrexial with slight 
neck rigidity; temperature, 
99-101° F. 


5. Drowsy; C.S.F. heavily blood- 
Stained ; temperature, 98-2° F.; 
pulse, 136; respiration, 23. 

6. Now no signs of meningeal 
irritation; blood urea 86°5 
mg%. 

i sil » 17. Very drowsy; doubly in- 
continent ;- blood urea 288 
mg% ; temperature, 96-4° F.; 
pulse, 88; respiration, 20. 

20. Comatose; blood urea 333 
mg% ; temperature, 100° F.; 
pulse, 130; respiration, 34. 

ee. le » 21. Died in coma. (No blood 
pressure recordings. Tubercu- 
lous left kidney removed six 
months before operation, but 
right normal at necropsy.) 


Case No. 7. 


Day after operation 6. Sharp rise in temperature to 
103° F. 
9. Sharp rise in temperature to 
103° F. again. 
as 11. Looks very well now, but 
rather drowsy and not eating 
well. , 
Sah Se au 15. Temperature still down. 
ae, Ms ne 16. Up from bed for two hours. 
,, 20-23. Rather drowsy and unwell ; 
twitches from time to time ; 
sluggish pupillary light reaction. 
ae ; 24. Died in coma. (No blood 
urea or blood pressure record- 
ings. Kidneys not remarked 
upon at necropsy.) 


99 99 99 


A second notable feature is that these four cases 
all have bilateral damage to the cortex within the 
third or fourth quarter of the orbital region as their 
only common (bilateral) anatomical characteristic 
and as a characteristic which distinguishes them 
from practically all other cases in the Table. Case 
No. 9, in. Group II, had bilateral involvement of 
the fourth quarter of the orbital region, but it was 
confined to slits in, and running parallel with, the 
fibres of the digital white matter. Case No. 12 
was the only case in Group II having bilateral 
damage to the cortex within the posterior half of 
the orbital region and, significantly, the only 
case in Group II to die of uremia. This case, it 


will be noted, had considerably less damage to other 
posterior structures than the cases in Group I. 
Among the 60 cases surviving over six months, 
there are only two (Nos. 56 and 86) which had 
bilateral damage to the cortex in the third or fourth 
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quarter. No. 56, dying nine months after operation 
without manifest evidence of uremia, will be men- 
tioned later. No. 86 had no other posterior 
structures involved: the patient, a woman, died 
from uremia of unknown origin 11 months after 
operation, aged 65 years. 

These facts would seem to point strongly to 
bilateral damage of the third or fourth quarter of 
the orbital cortex being a determinant of fatal 
uremia, and to the probability that coincidental 
damage to other extra-prefrontal structures acceler- 
ates such an outcome. Scoville’s (1949 a, b) 
experience of successful therapy by bilateral under- 
cutting of the posterior orbital cortex, right up to 
the optic chiasma would seem at first sight to 
militate against such a conclusion; likewise 
Poppen’s (1948) experience with the special pos- 
terior ventral extension of his cuts in treating 
intractable pain. It must be remembered, however, 
that these two surgeons confined their lesions 
essentially to the white matter, whereas it was by 
irritating the cortex of area 13 in the posterior 
orbital region, by electrical stimulation in cats, 
that Cort (quoted by Livingston, 1948 a), claimed 


to reproduce Trueta’s kidney shunt mechanism in 
his laboratory. It may be, therefore, that only 
direct interference with the cortex produces striking 
autonomic disturbances. Whether the uremia was 
due to direct neural influence on kidney circulation, 
or was dependent on blood pressure changes (as 
suggested by Donovan, Galbraith, and Jackson, 
1949) or on other factors, is impossible to judge 
from the information available in the present six 
cases. Certainly none of these cases gave any 
history of post-operative ileus or of ulceration in 
the gastro-intestinal tract (cf. Sweet and others, 
1948). Only one had definite pre-operative renal in- 
sufficiency. 

More minute analysis of the position of the 
orbital lesions in cases Nos. 4 to 7, 12 and 86 shows 
only the lateral half, i.e., posterior area 47 (Fig. 2), 
to be consistently bilaterally involved in all six. 
It is within this region that in all six cases there was 
substantial involvement, on at least one side, of 
cortex as well as of white matter. This would 
suggest that the whole of the orbital non-granular 
strip of cortex may well play as important a role in 
autonomic affairs in man as does area 13 in monkeys. 


TABLE 
RELEVANT CLINICAL AND ANATOMICAL DATA IN 22 CASES SURVIVING LEUCOTOMY BY LESS THAN SIX MONTHS 








Clinical Data 


Anatomical ‘Structures Involved 











| Dorsal | | Orbital 

Serial lA . | granular | Striatum | a 
Number | Survival | “8° ’ | Region callosal | (per cent. | granular 
Period at Cause of Death (Brodmann’s Fasciculus | damaged) | Region 
Death | | (See Fig.2) 

| Areas) | | 
| | L a i Lig R | L | R 

1 5 hours | 29 Respiratory inhibition .. ; — 8 — — 0 0/4,c 4,c 
2 7 days | 73 ? Uremia and hemorrhage ..| 8 8 + 20 | 200 |4,c}] — 
3 13 days | 66  ?Uremia and hemorrhage . | — -- — | — | 25 | 30|} 3 |4,c 
4 20 days | 25 Uremia . 8 8 4. — 12 8 | 4,c¢c 4,c 
5 20 days | 49 | Uremia .. | 8 | — | + | +] 10 | 12 |}4,¢/4,c 
6 21 days | 29 Uremia .. 8 8 a7 + | 20 | 6€ | 4,c}3,c 
7 24 days | 18 | Uremia .. - — +}10| 0/|4,c/3,c 
8 29 days 45 Gastric perforation 6 6, 8 7 — | 12 | SO 4\);-—- 
9 7 weeks | 37 | ? Over-sedation . ‘ 8 i+] + 5; 0| 4] 4 
10 7 weeks| 44 | ? Trophic deterioration i +i +|O| | — |4c 
11 8 weeks | 48 Trophic deterioration (D. 32) ..| 6 8, 6 + +- 0; oO —-};—- 
LZ 83 weeks | 72 Uremia .. fo _ + — | 0 ee see - 
13 9 weeks| 62 Trophic deterioration (D. 26) ..| — |8,6,4) + +/}10/] 5/] — 3 
14 93 weeks | 48 Trophic deterioration (D. 29) ..|8, 6) — + +- 313) - _ 
15 93 weeks | 71 Lobar pneumonia ; ./ — + — | 0}; 20; — - 
16 10 weeks, 64 Trophic deterioration (D. 31)... — — a + 0 0 3 — 
17 103 weeks | 31 Trophic deterioration (D. ?) ..; — — | + a 3 i 2 4 - 
18 14 weeks | 50 | Trophic deterioration (D. 33)... — — 4 | + | Di is 3 — 
19 15 weeks | 42 _ Trophic deterioration (D. 42) ..) — 8 + + | 30 30 | — - 
20 19 weeks | 37 | ? Trophic deterioration - _— + ao IS | 20 |4,c| — 
21 20} weeks | 60 Empyema - _— — +/110; 5} 3 3 
22 24} weeks | 35 — Phthisis .. 6)/—-)-j- 0'o0;-(,- 





**D” gives the day after operation of the first appearance of trophic symptoms. 
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Livingston and his associates (1948 a and b) have 
indeed already recorded an impression that the 
orbital autonomic “ active focus in man is some- 
what more laterally situated than in lower primates’’. 
Percival Bailey (personal communication, 1950) has 
found the most active focus to lie in the anterior 
insular cortex. The absence of manifest uremia 
in case No. 56 might indicate that connexions 
between posterior area 47 and the head of the 
caudate nucleus must be cut to produce fatal 
uremia. 

Area 13 within the medial half of the posterior 
orbital region was in none of these uremic cases 
substantially damaged. Case No. 1, where both 
lesions did extend into area 13, has been discussed 
elsewhere (Meyer and McLardy, 1948, Case 59). 
In No. 8, dying from acute perforation of the 
stomach, there was softening of the whole of the 
right putamen due to vascular damage. 


Group il: Trophic Deterioration and Bilateral 
Damage to the Region of the Subcallosal Fasciculus 


A most striking feature of Group II in the Table 
is the remarkable similarity of the nature of death 
in Cases 11, 13, 14, 16, 17, 18, and 19. They not 
only all became marasmic and died with multiple 
cutaneous septic sores within two to five months of 
operation (average survival, 11 weeks), but all first 
manifested such cutaneous “trophic ”’ lesions in 
the fifth or sixth post-operative week. Typical 
protocols are as follows : 


Case No. 11. 
Day after operation 5. Doubly incontinent ; eating 


voraciously. 

oo * » 6. Singing and talking cheer- 
fully. 

os | Se re 32. Quieter; not well; still 


doubly incontinent; has de- 
veloped blisters on left hand. 

34. Shows extreme inanition ; 
early stage bedsores; tongue 
dehydrated ; appears to be in 
pain if moved. 

— » 41. Early gangrene in left hand 
and toes. 

48. Hand improving but toe 
gangrene progressing. 

50. Temperature, cough, low- 
grade bronchial pneumonia ; 
slight albuminuria. 

54. Urine negative for sugar. 

in »» 35. Marked wasting. 

on: ee » 37. Died with bronchial pneu- 

monia and chronic nephritis. 
(Given post-operative multiple 
vitamins.) 


Case No. 14. 
Day after operation 12. Responding slowly to re- 


education ; taking food him- 
self. 


Day after operation 26. Weight fallen to 6 st. from 
7 st. 4 lb. at operation. 

29. Large bedsores ; blisters on 
hands. 

40. Blisters now purulent. 

56. Temperature beginning to 
rise slowly; average pulse, 
110; respiration, 24. 

ae a 68. Died with a temperature of 
103° F. (Given post-operative 
multiple vitamins.) 

These seven cases will therefore be spoken of as 
dying from ‘“‘ trophic deterioration ”’. 

On the anatomical side is the equally striking 
fact that these seven are the only cases in the whole 
series with a post-operative survival of over seven 
weeks and bilateral involvement of the subcallosal 
fasciculus at the level of the head of the caudate 
nucleus (Fig. 1), with the exception of No. 56. 
Five other cases in the total series had bilateral 
destruction of practically all white matter lateral 
and dorso-lateral to the subcallosal fasciculus at 
the level of the head of the caudate nucleus, but 
lived from 11 months to 54 years (average, 24 years) 
after the operation. There would thus seem to be 
strong evidence that severe bilateral damage to this 
region of the subcallosal fasciculus is a determinant 
of delayed operative death from marasmus accom- 
panied by trophic skin lesions. It is difficult to 
exclude definitely the superior occipito-frontal bundle 
which lies just lateral and ventral to the subcallosal 
fasciculus. Detailed histological investigation of 
several crucial cases is in progress. 

Post-leucotomy trophic lesions have been system- 
atically studied only by Ziegler and Osgood (1945) 
and Meyer and McLardy (1948, 1949). From 
purely clinical and x-ray investigations Ziegler and 
Osgood concluded that (non-fatal) post-operative 
cedema and bulle might be associated with more 
posteriorly placed lesions, especially those involving 
areas 8 and 6. Meyer and McLardy did not relate 
the clinical phenomena to any particular structure 
involved in posterior cuts. 

There appear to be no experimental observations 
on the result of selective bilateral damage to the 
subcallosal fasciculus (Mettler, 1942). Whether 
this structure was damaged in the bilateral operations 
on the striatum performed in man (Meyers, 1942 a 
and b; Hamby, 1947) is not specifically stated in 
the descriptions published by the surgeons. It is, 
however, noteworthy that Hamby’s operations 
proved fatal, even when done in two stages, whereas 
Meyers’ patients survived. According to my 
measurements on numerous dissected brains, Meyers’ 
sagittal cut through dorsal premotor cortex 2 cm. 
from the midline and parallel to the falx should 
enter the roof of the lateral ventricle through the 
corpus callosum, whilst Hamby’s similar cut 
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(described by Browder, 1947, 1948) made 3 cm. 
from the midline, should enter the angle of the 
lateral ventricle by passing through the subcallosal 
fasciculus. Hamby’s case No. 13, we are told, 
died three months after the second operation “ in 
a state of inanition”. Not enough is known of 
the blood supply of the subcallosal fasciculus to 
permit of more than speculation that Dandy’s (1946) 
nine cases of death within 51 days after ligature of 
one or both anterior cerebral arteries may have 
been due to ischemic softenings affecting both 
subcallosal fasciculi. 

A subsidiary clinico-anatomical point illustrated 
in Group II, but not shown in the Table, is that in 
the cases dying from trophic deterioration the only 
two with complete sparing of the striatum (Nos. 11 
and 16) were the only two in which the clinical 
records reported that the patient experienced acute 
pain when moved after the appearance of cutaneous 
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Fic. 4.—Brodmann’s standard cytoarchitectural map 
of the mesial surface of the frontal lobe. The 
corpus callosum is shown in black. The position 
and extent of the leucotomy cuts in cases Nos. 56 
and 86 are indicated by the interrupted lines. 


lesions. This might be a pointer to some principle 
of practical value in neurosurgery for pain. 
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Histological Evidence of Nutritional Deficiency.— 
The brains of all 14 cases in Group II were specially 
investigated histologically for the characteristic 
pathological evidences of pellagra and Wernicke’s 
disease. Nos. 10, 12, and 14 showed evidence of 
pellagra, No. 18 evidence of Wernicke’s disease, 
and the remaining cases no evidence of either 
condition. In the whole group, No. 18 was the 
case with the greatest recorded restlessness through- 
out the post-operative survival period. The clinical 
records and anatomical findings in the other three 
positive cases showed no feature which distinguished 
them from those in the generality of cases. 


The Subcallosal Fasciculus and its Connexions.— 
It has been suggested by several authorities that the 
subcallosal fasciculus is made up of overlapping 
relays of fibres, each running for only a short 
distance. Mettler (1942) has described fibres which 
appear to move gradually downwards within it as 
sections are followed caudally, and he, as well as 
Papez (1942), have demonstrated neuropil, which 
appears to pass from its ventral surface into the 
adjacent caudate nucleus. The bundle is generally 
supposed to mediate a connexion between the frontal 
cortex and the caudate nucleus (Levin, 1936; 
Glees, 1944). The present material would suggest 
that, if such a fronto-subcalloso-caudate system 
exists, its integrity in at least one hemisphere is 
essential to life. 

Case No. 56 has been mentioned as an exception 
to the clinico-anatomical principles revealed in 
Group II as wellas in Group I. There was bilateral 
involvement of both the posterior quarter of the 
orbital cortex and the subcallosal fasciculus, yet 
the patient lived into the ninth month without 
gross evidence of uremia and with only terminal 
development of trophic deterioration. This case, 
however, was also unique from the anatomical point 
of view. Both lesions sloped steeply upwards and 
backwards (Figs. 1 and 4) into area 4 in such a way 
that, first, the subcallosal fasciculus was cut slightly 
more posteriorly than in the seven Group II cases 
dying from trophic deterioration ; and, secondly, 
the rostral half of the head of the caudate nucleus 
(which was not macerated as in most other cases 
where affected) was not cut off from areas 8 and 6. 
The majority of any fibres coursing between that 
half of the head of the caudate nucleus and these 
areas, passing through rostral parts of the sub- 
callosal fasciculus, would be uninterrupted, as 
would be any fibres running between posterior 
area 47 and rostral parts of the head of the caudate 
nucleus. 

Case No. 86, with bilateral lesions sloping steeply 
backwards from the most dorsal cortex of area 9 
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into the most rostral part of the angle of the lateral 
ventricle (Figs. | and 4), surviving for 11 months 
and dying from uremia without trophic symptoms, 
would seem to exclude the participation of granular 
cortex in any fronto-subcalloso-caudate system 
concerned in fatal trophic deterioration. Again, 
No. 31 (Fig. 1) and two other cases, with survival 
periods of 9 months, 16 months, and 18 months 
respectively, and bilateral deep ventral cuts sweeping 
upwards into the ventral parts of the anterior horn 
at about the level of the tip of the caudate nucleus, 
would seem to exclude the possibility that the 
** vital’ fibres curve round the anterior horn from 
orbital regions. 

Finally, as already pointed out, all patients with 
bilateral destruction of the subcallosal fasciculus 
between the levels involved in cases Nos. 56 and 86 
died within five months of the operation. All the 
evidence, therefore, points to the existence of vital 
structures lying between the rostral half of the head 
of the caudate nucleus, the related portion of the 
subcallosal fasciculus and cortex at the level of 
Brodmann’s areas 8 and 6, i.e., the structures lying 
between the lesions in case No. 86 and case No. 56 
as illustrated in Figs. 1 and 4. 

If these three regions contributed to a connected 
vital system one might expect destruction of any one 
of the elements to be equally fatal. The sub- 
callosal fasciculus, the bottle neck of the system, 
would be, as suggested by the present material, the 
point of greatest disruption by a minimal lesion. 
So far as damage to the caudate nucleus is con- 
cerned, although survival in the present series does 
not appear to vary according to the (macroscopic) 
amount of its damage, there is no case of its bilateral 
substantial damage with survival over five months, 
with the one exception of case No. 87 living for 
one and a half years after the operation. In this 
case the damage to each caudate nucleus is confined 
more than in any other case to its ventricular 
surface and would not presumably interfere with the 
majority of any connexions between the head of the 
caudate nucleus and the cortex. Heath, Freedman, 
and Mettler (1947), it is interesting to recall, con- 
sidered that the invariable death of felines subjected 
to bilateral striatal ablation was most probably due 
to metabolic dysfunction. 

The fact that, within the seven clear cases of fatal 
trophic deterioration, brevity of survival is directly 
proportionate, roughly, to the amount of dorsal 
non-granular region involved in the lesions (see 
Table), would seem in general to support the 
conception of such a vital fronto-subcalloso-caudate 
system. Yet, as is well known, very substantial 
bilateral destruction of dorsal non-granular cortex 
is not by itself lethal. This might imply merely that 


the system is least vulnerable within its most diffuse, 
cortical, element. On the other hand, it might 
indicate that the lethal factor in the dorsal leucotomy 
lesions lies in a region not usually affected in clinical 
or experimental surgery on the premotor cortex, 
namely the adjacent mesial cortex (Fig. 4). That the 
portion of area 32 lying rostral to the genu of the 
corpus callosum (and premotor cortex) is not the 
region concerned, would seem evidenced by the 
irrelevancy to survival of its involvement or non- 
involvement in the present series. There has been 
equal absence of untoward incident, apparently, 
after fairly full ablation (Pool, 1949 a and b; 
personal communication, 1950) of this part of 
area 32, and after undercutting (Scoville, 1949 a 
and b; personal communication, 1950) of practi- 
cally the whole area. The cortical end of the 
presumptive “‘ vital system” cannot therefore be 
confined to the whole of that area which is regarded 
as cytoarchitecturally homologous with the cortex 
(areas 32 and 31) to which all the suppressor areas 
in monkeys send connexions (McCulloch, 1944). 
Almost identical arguments are available against 
area 24 being the only region concerned. Extension 
of investigations such as those of Meyers and his 
associates (1949) on electrical activity of the neo- 
striatum might clarify this problem. In the mean- 
time it may be relevant that these workers found 
such uniformity of electrical activity in the caudate 
nucleus, the subcallosal fasciculus, and neighbouring 
parts as to suggest a common source of the dis- 
charge. 

The essentially metabolic nature of the trophic 
deterioration might point to importance in its 
causation of those cortical areas known to be 
significant in autonomic affairs, such as areas 6 
and 24. The connexions concerned would then 
presumably be fibres such as those which have 
recently been shown (M. Meyer, 1949) to project 
from area 6 into the hypothalamus. Most of any 
such fibres from area 6 or area 24 to the hypo- 
thalamus might be expected to take the shortest 
course through, or immediately around, the sub- 
callosal fasciculus at the level of the head of the 
caudate nucleus. 

Experimental investigation of the subcallosal 
fasciculus from the point of view of its part in 
delayed operative death is in progress. 


Significance of Grouping in Survival Times.— 
Whatever the validity of the more tenuous of these 
deductions from the data, it is clear that the time 
gap between Groups I and II is due to more than 
chance, and that a similar gap, or relative attenuation 
of cases when graded by survival period, is likewise 
to be expected between Group II and cases dying at 
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random from intercurrent illness, or from any third 
group which might emerge in a larger series if there 
were any tendency for cases with unilateral damage 
to extra-prefrontal structures to succumb to en- 
vironmental stresses which are not normally fatal. 


Practical Implications of the Findings.—It is not 
proposed to speculate here on possible physiological 
mechanisms involved. Much of the relevant 
experimental work has been referred to in the 
previous papers quoted, and the elucidation of 
suppressor and other feed-back mechanisms pro- 
bably concerned is not sufficiently advanced to bear 
profitable discussion. My practical concern is to 
utter a warning regarding two dangers additional 
to hemorrhage of blind leucotomy operations : 
delayed post-operative death from uremia and 
from trophic deterioration. The original trans- 
orbital leucotomy, as well as all the open methods 
of leucotomy and cortical ablation, are almost* 
free of all three sources of mortality, but the newly- 
devised * deep’ transorbital cut (Williams, 1949; 
Freeman, 1949) may ominously increase them. 
I have seen one such case with unilateral 
damage to the striatum and subcallosal fasciculus. 
There would seem no good reason why the striatum 
and subcallosal fasciculus might not have been 
equally damaged in both hemispheres, thus deter- 
mining the patient’s death within five months. 


Summary 


In a series of 22 leucotomy cases dying within 
six months of the operation, analysis of the causes 
of death reveals two distinct groups: Group I, 
dying predominantly from uremia in the third 
post-operative week, and Group II, dying pre- 
dominantly from trophic deterioration (marasmus 
with trophic skin lesions), between two and five 
months after the operation. In the latter group 
blisters or bulla almost always appeared on the 
extremities between the fourth and sixth post- 
operative weeks. 

Post-mortem anatomical (mainly macroscopic) 
analysis of the lesions in the frontal lobes of these 
22 cases revealed a striking association of death 
from uremia with bilateral damage to the posterior 
(non-granular) orbital cortex, and of death from 
trophic deterioration with bilateral cutting of the 
region of the subcallosal fasciculus at the level of 
the head of the caudate nucleus. 

The orbital cortex concerned in the uremic 
deaths appeared to be posterior area 47, not 








* One brain has already been examined where the original trans- 
orbital operation resulted in fatal hemorrhage from the lenticulo- 
striate vessels on one side. 


area 13. Histopathological evidence of nutritional 
deficiency was not conspicuous among the cases of 
trophic deterioration. 

From evidence supplied by these and other 
relevant cases, in a total series of 122, it is deduced 
that connexions between the caudate nucleus and 
Brodmann’s (non-granular) cortical areas 8 and 6 
(including their mesial extension towards the 
corpus callosum), via the rostral parts of the 
subcallosal fasciculus, may be the structures whose 
damage determined the fatal trophic deterioration. 

The practical intention of the paper is to emphasize 
the serious danger of delayed operative death from 
the use of blind leucotomy techniques, including 
the “* deep ” transorbital cut. 


The writer wishes to express his thanks to Professor 
Alfred Meyer for his interest in this investigation. For 
the opportunity to pursue all such studies he is indebted 
to those medical superintendents and other medical 
officers who, realizing the potentialities of systematic 
centralized investigation of such leucotomy material, 
contributed to the series. 
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HEMIBALLISMUS : AATIOLOGY AND SURGICAL TREATMENT 
BY 
RUSSELL MEYERS, DONALD B. SWEENEY, and JESS T. SCHWIDDE 


From the Division of Neurosurgery, State University of Iowa, College of Medicine, 
Iowa City, Iowa 


Hemiballismus is a relatively uncommon hyper- 
kinesia characterized by vigorous, extensive, and 
rapidly executed, non-patterned, seemingly pur- 
poseless movements involving one side of the body. 
The movements are almost unceasing during the 
waking state and, as with other hyperkinesias con- 
sidered to be of extrapyramidal origin, they cease 
during sleep. 


Clinical Aspects 


Cases are on record (Whittier, 1947) in which the 
abnormal movements have been confined to a single 
limb (** monoballismus *’) or to both limbs of both 
sides (“* biballismus ’’?) (Martin and Alcock, 1934 ; 
von Santha, 1932). In a majority of recorded 
instances, however, the face, neck, and trunk as well 
as the limbs appear to have been involved. 

The patient usually retains a measure of voluntary 
control over the affected member so that acts such 
as walking, putting on slippers, and touching the 
hand to the face can be performed even if with 
difficulty. The ballistic movements cannot however 
be voluntarily checked for more than a few moments 
at atime. The muscle tonus of the involved limb(s) 
may be normal but in many instances is slightly 
diminished (Martin and Alcock), and in consequence 
of the reduced initial tension of the muscles the deep 
reflexes of the affected limbs are often moderately 
diminished. . 

The vast majority of patients are at or beyond 
middle life at the time of onset of hemiballismus. 
However, reports of patients as young as seven 
(Bonhoeffer, 1930) and eighteen (Bianchi, 1909) 
years have been recorded. There appears to be no 
significant difference in sex incidence. 

Spontaneous recovery is not to be expected and 
by far the majority of patients succumb within a 
few days to several months of progressive exhaustion, 
cardiac failure, or pneumonia (Grinker and Bucy, 








.. *Case I of this communication was reported with motion picture 
illustrations at the Sixteenth Annual Meeting of the Harvey Cushing 
Society on August 19, 1948, at San Francisco, Cal. The paper in 
its present form was given with motion picture illustrations at the 
Seventy-fourth Annual Meeting of the American Neurological 
Association on June 13, 1949, at Atlantic City, N.J. 


1949 ; Whittier). A few instances are on record in 
which the disorder has run an extended chronic 
course (Touche, 1901 ; Marcus and Sjégren, 1938), 
while in one case reported by Lea-Plaza and Uiberall 
(1945) the abnormal movements are said to have 
ceased spontaneously after seven weeks. Hemi- 
ballismus has also been known to cease following 
the supervention of a hemorrhagic ictus. 


Terminology.—There appears to be among writers 
on this subject no agreement regarding the precise 
features of the clinical phenomena to which the 
term hemiballismus may properly be applied. 
Various authors have credited Kussmaul and Fischer 
(1911) with introducing the term hemiballismus to 
signify the flinging or flipping character of the limb 
movements, but in general each observer’s concept 
of the features of hemiballismus represents but an 
abstraction of his own limited experiences. The 
consequence is that at most clinical demonstrations 
of a case alleged to be one of hemiballismus one or 
more members of the audience are moved to assert 
that the case in question is not “ really ” an example 
of hemiballismus, but one of hemichorea, athetosis, 
dystonia, or perhaps hysteria. If, on the other 
hand, the case is presented initially as an instance 
of hemiathetosis or chorea, similar protests may be 
raised. 

The terms athetosis, chorea, and ballismus refer 
to involuntary, non-patterned movements of bodily 
members, which are unpredictable in respect of time 
and form. They may be distinguished from the 
myorhythmias, myoclonus, the coarse, alternating 
tremors of Parkinsonism, and the fine tremors of 
thyrotoxicosis. They are present in the waking state 
and absent during sleep. They appear both “at rest” 
and during the execution and maintenance of 
““voluntary”’ movements. In our view, the three 
varieties may be distinguished from one another on 
the following grounds. In athetosis the movements 
are relatively slow, vermiform and writhing, and in 
the limbs are chiefly due to the action of distal 
muscles. The proximal limb muscles may also 
participate. Athetotic movements are character- 
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istically intermittent so that periods of several 
minutes may elapse without the exhibition of 
involuntary activity. In chorea the movements are 
much more sudden and, insofar as the limbs are 
concerned, are subtended chiefly by action of the 
more distal rather than the proximal muscles. As 
in athetosis, choreic movements are frequently 
intermittent. Ballistic movements resemble choreic 
movements in that they also are rapidly executed. 
The muscles of the face, neck and/or trunk may or 
may not be involved. The proximal muscles of the 
limbs are regularly involved, with the consequence 
that the limbs exhibit large excursions. Close 
inspection however usually reveals involvement 
also of the more distal limb muscles. In contrast 
to the intermittent activity characteristic of chorea 
and athetosis, that of hemiballismus is almost 
ceaselessly at play during the wakeful state. 


Additional Clinical Manifestations.—The intellec- 
tual, emotional, and sensory functions are seldom 
deranged in hemiballismus. However, the coexis- 
tence of psychological aberrations, vegetative dis- 
turbances, hemiparesis, dysphasia and/or oculo- 
motor disorders with hemiballismus has not in- 
frequently been reported. In most such instances 
necropsy has demonstrated multiple or extended 
lesions involving neural structures other than those 
considered responsible for the ballistic movements. 


Aetiology and Pathology 


The pathological process most frequently en- 
countered in hemiballismus is a_ circumscribed 
encephalomalacia which is usually the result of 
cerebral thrombosis. Diabetes mellitus not infre- 
quently underlies the thrombotic process. Somewhat 
less frequently small circumscribed hzmorrhages 
and emboli appear to be the responsible agents 
(Martin and Alcock, 1934). Other lesions, in- 
cluding tuberculoma, gumma, metastatic abscess, 
metastatic neoplasm, encephalitis and the co-called 
primary degenerative processes of the brain, have 
been identified. In two instances trauma has been 
considered the causative agent (Bucy, 1944; 
Schob, 1920). 

The anatomical sites at which lesions have been 
encountered may be conveniently described under 
two main headings. 


Lesions Involving the Corpus Subthalamicum.— 
The structure most frequently involved in hemi- 
ballismus is the corpus subthalamicum contralateral 
to that side of the body exhibiting abnormal move- 
ments. Greiff (1883) is credited with having been 
the first to observe this correlation. In a carefully 


executed study forty years later this observation 
was firmly substantiated by Jakob (1923). 


Subse- 
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quent post-mortem studies have provided over 
fifty instances in which the corpus Luysi has been 
damaged, though often along with other neural 
structures. Indeed, the number of studies in which, 
like those of Matzdorff (1927) and Thurel and 
Grenier (1947), the only demonstrable brain lesion 
is limited strictly to the corpus subthalamicum is 
very small. 

In a review of the literature up to 1934, Martin 
and Alcock (1934) asserted that no case of hemi- 
ballismus had been fully described in which the 
corpus subthalamicum was not found damaged. 
This extreme position no longer appears tenable, 
but Whittier’s (1947) observation that hemi- 
ballism is the “ apparently inevitable symptom in 
man of destruction of the subthalamic nucleus ”’ is 
probably quite correct. 


‘ 


Lesions Involving Other Structures.—Several cases 
of hemiballismus have been reported in which the 
corpus subthalamicum is asserted to have been found 
intact at necropsy. In these the lesion considered 
responsible for the hyperkinesia was disclosed in 
other parts of the brain. 


Lesions of the Afferent or Efferent Fibres of the 
Corpus Subthalamicum.—In two of the earliest cases 
on record, those of Bianchi (1909) and Bonhoeffer 
(1897), the abnormal movements were imputed 
(Martin, 1928) to lesions at a level ** lower than ” 
the corpus Luysi, presumably situated so as to 
destroy its efferent connexions to the midbrain. 
That damage to either the afferent or efferent fibres 
of the nucleus might produce hemiballismus was 
postulated in 1939 by Moersch and Kernohan. 
Subsequently, Papez, Bennett, and Cash (1942) 
described a case which they considered illustrative 
of the point. The presence of multiple lesions in 
their case unfortunately equivocates their interpre- 
tation. Kelman (1945), however, recorded the 
necropsy findings of a hemiballistic subject in which 
a small metastatic carcinoma from the lung involved 
the afferent subthalamic tracts. 


Lesions of the Corpus Striatum.—In 1926 Fragnito 
and Scarpini described the necropsy findings in an 
80-year-old male who had suffered from hemi- 
ballismus for three years before his death. An 
encephalomalacic process had markedly damaged 
the medial portion of the putamen and, to a lesser 
degree, the head of the caudate nucleus. The 
corpus Luysi, medial lemniscus, and fields of Forel 
were reported to be undamaged.* Several other 
investigators (Vogt and Vogt, 1920; Austregesiol 





*This is the only case acknowledged by Martin and Alcock to 
constitute a valid exception to the doctrine concerning the necessary 
involvement of the corpus subthalamicum in the pathogenesis of 
— Its importance theoretically and practically is 
obvious. 
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and Gallotti, 1924) have reported cases in which 
lesions of the corpus striatum were considered 
responsible for hemiballismus or for hyperkinesias 
simulating the latter. Certain of these cases have 
been objected to by Martin and Alcock (1934) on 
the ground that conclusive evidence clearing the 
corpus subthalamicum of damage has not been 
proffered. However, Austregesilo and _ Borges- 
Fortes (1937) and Davison and Goodhart (1938) 
have each reported well-studied cases in which the 
neostriatum alone has been the seat of damage. 
Although their cases were published under the titles 
of ‘*‘ hemichorea”’ and “ monochorea’’, the des- 
criptions of the abnormal movements conform so 
closely to those of hemiballismus that differentiation 
appears difficult if not impossible. 

In Case 2 of the present communication, the 
lesion apparently responsible for the patient’s 
hyperkinesia was disclosed in and adjacent to the 
right lenticular nucleus, i.e., involving both the 
neo- and paleostriatum. Histological examination 
revealed no implication of the corpus Luysi. 


Lesions in the Thalamus.—Lewandowsky and 
Stadelman (1912) reported a case of hemiballismus 
in which a large lesion was disclosed in the lateral 
thalamic nuclei extending inferiorly into Forel’s 
Haubenfelde. Unfortunately, however, the authors 
made no specific report regarding the corpus sub- 
thalamicum. Inacase described by Nikitin (quoted 
by von Santha, 1932) a relatively large lesion was 
encountered in the ventrolateral thalamus. Its 
ventral border is stated to have extended to within 
2 mm. of the dorsal border of the corpus Luysi, the 
latter structure being evidently uninvolved. At 
least two other instances have been recorded in 
which the apparently responsible lesions were 
demonstrated in the thalamus at a sufficient distance 
from the corpus Luysi to vitiate the frequently 
raised objection that the blood supply of the latter 
must have been compromised (Malan and Civalleri, 
1921 ; Zonnoni, 1908). 


Lesions in the Postcentral Gyrus.—In 1929 Wilson 
reported a case in which degenerative, atrophic 
changes of the contralateral postcentral gyrus were 
the only lesions demonstrable at necropsy. Although 
this report is unique, it must be retained for con- 
sideration in view of Wilson’s reputation for 
thoroughness and objectivity. 

In brief recapitulation, then, apparently valid cases 
of hemiballismus have resulted from lesions in the 
afferent and efferent fibres of the corpus Luysi, the 
neo- and paleostriatum, the ventral and lateral 
thalamus and the postcentral gyrus. Although few 
in number compared with those in which the 
responsible lesion involves the corpus Luysi, such 
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cases compel reservation concerning the doctrine 
that hemiballismus is invariably subtended by a 
lesion of the corpus Luysi. 

Thus far animal experimentation has shed but 
little light on the anatomico-clinical problems 
related to hemiballismus. Morgan (1927) reported 
failure to produce hyperkinesia in a series of dogs in 
which lesions were placed in the corpus subthala- 
micum and varying adjacent structures. These 
findings contrast sharply with those in the human 
in whom damage of the corpus subthalamicum by 
disease is regularly followed by ballistic movements. 

Wilson (1914) and Delmas-Marsalet (1925) 
reported inability to produce choreic or ballistic 
movements in laboratory animals by placing 
experimental lesions in the caudate nucleus. Similar 
negative evidence from human material was adduced 
by one of us (Meyers, 1941; 1942a; 1942b). 
Extirpation of all available portions of the head of 
the caudate nucleus in nine patients with Parkinson- 
ism failed to produce hyperkinesia of any variety. 
In certain instances the rostral third of the putamen 
and in one instance the oral pole of the globus 
pallidus were removed in addition io the caudate 
head without producing abnormal movements. 
Browder (1948) in an independent study on the 
surgery of Parkinsonism, has reported ablation of 
the superior half of the head of the caudate nucleus 
in a series of humans without the development of 
hyperkinesia. 

Mettler and Carpenter (1949) have recently 
succeeded in producing choreo-athetoid movements 
in rhesus monkeys by electrocoagulation of the 
subthalamus. These investigators are at present 
endeavouring to assay the effects of “* analytic ” 
surgery in these animals. Their work constitutes 
the first promising animal experimentation in the 
hyperkinetic area. 


Therapy 


In the endeavour to treat the distressing symptoms 
of hemiballismus numerous physical and pharma- 
cological agents have been employed. As with 
most other extrapyramidal disorders, the results of 
such therapy have been largely disappointing 
(Meyers, 1942a). The treatment of hemiballismus 
may be conveniently discussed under three general 
headings : physical, pharmacological, and surgical. 


Physical Measures.—Bertrand and Garcin (1933) 
described a case in which it became necessary to 
lash the hemiballistic arm to the patient’s side in 
order to prevent self-injury. Wilson described a 


similar case in which the hyperactive upper limb 
was secured to an iron frame in order to prevent the 
patient from raining blows upon herself. 








Pharmacological Measures.—It has been a matter 
of general experience that sedatives, hypnotics, and 
narcotics prove effective in hemiballismus only when 
administered in doses sufficiently large to induce 
sleep. The atropine derivatives have yielded uni- 
formly indifferent results. Stramonium has been 
said to exert a “somewhat quieting” effect and 
tobacco is stated to be “‘ useful ’’, but in no instance 
has it been claimed that these agents have abolished 
the hyperkinesia. 
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Peripheral Operations—Amputation has _ been 
resorted to as a measure of desperation in at least 
one case of hemiballismus (Schaller, 1937), and in 
another instance paralysis of the brachial plexus 
by multiple injections of alcohol was employed 
(Kulenkampff, 1938). In 1931 Jermutowicz re- 
ported a salutary result following mechanical 
stretching of the brachial plexus. A severe paresis 
of the limb was produced, but the ballistic move- 
ments were sufficiently damped to permit the 
patient to resume 
work “albeit with 
difficulty ”’. 

Central Operations.— 
Jermutowicz quite 
properly anticipated 
a return of ballistic 
movements in his 
patient. It is of con- 
siderable historic 
interest that he pro- 
posed among other 
possibilities extirpa- 
tion of the contra- 
lateral “cortical 
center for’ the 
shoulder and arm”. 
Just such an operation 





Fic. 1.—Diagram illustrating the cortical area resected in Bucy’s case of left 
(Reprinted through the courtesy of Dr. Paul Bucy and 
the University of Illinois Press from ‘* The Precentral Motor Cortex ”’, 


hemiballismus. 


1944, p. 362, Urbana, Ill.) 


Ballistic movements were temporarily arrested in 
onecase(Papez and others, 1942) by the intramuscular 
use of curare. Unfortunately, the dose required 
to achieve this effect (80 units) produced also a 
generalized paresis. The unpleasant side-effects of 
curare, erythroidin hydrochloride, and related agents, 
their short-lived action, and the necessity of often- 
repeated parenteral administration impose serious 
limitations on their continued use. 


Surgical Measures.—Amputation, peripheral, and 
central operations have been reported, with 
varying results. 





was performed in 
1939 by Bucy (1944) 
for the relief of left 
upper monoballismus 
in a 21-year-old man 
who four years before 
had sustained a severe 
head injury. Pneumo- 
encephalography 
revealed a_ dilated 
right lateral ventricle. 
At operation the right 
precentral gyrus was 
identified by electrical 
stimulation and that 
portion from which movements of the upper 
limb were elicited was extirpated together with 
portions of the frontal gyri lying rostral thereto 
(Fig. 1). The anterior wall of the central fissure 
was included in the resection. 

The patient’s abnormal movements were abolished 
following this procedure. By the end of the first 
year they had returned to a slight degree but at the 
end of the third year they were described as “‘ mini- 
mal and usually present only when he is conscious 
of being observed”. Following operation, con- 
vulsive seizures supervened for a time. These were 
ultimately brought under control by barbiturates. 








seal 














SURGICAL TREATMENT OF HEMIBALLISMUS 119 


The enduring neurological residua included a marked 
spastic paresis of upper motor neuron type, hyper- 
reflexia and dyspraxia of the previously ballistic 
limb. Gross movements, however, could be per- 
formed and the patient was gainfully employed. 


Linear Cortico-subcortical Section just Anterior to 
Area 4: A New Procedure 


With the objects of ameliorating hemiballistic 
movements and preserving all possible function, 
the writers recently employed a surgical procedure 
based on a tentative theory of the pathogenesis of 
hemiballismus.* In essence, the operation consists 
of subpial section of the cortex and subcortical 
white matter immediately rostral to Area 4 in such 
fashion as to interrupt the U-fibres coursing between 
Areas 4, 3, 1, and 2 posteriorly, and 4-s and 6 
anteriorly. Abstracts of two cases treated in this 
manner follow. 


Case Reports 


Case I.—F.B., a 50-year-old woman, was admitted to 
the University Hospital on Feb. 14, 1948, complaining of 
ceaseless agitation of the limbs of the left side. The 
disorder had begun in mid-December, 1947, as irregular 
twitchings of the left half of the face. The movements 
increased steadily in frequency and amplitude so that at 
the end of the second week the left upper and lower 
limbs exhibited violent and for the most part uncon- 
trollable movements. Toward the end of the first month 
some slowing of speech and a slight weakness of the left 
lower limb were noted. The patient considered her 
condition intolerable. 

The previous medical history was non-contributory, 
except that for the past seven years she had been known 
to have diabetes mellitus. This condition had been well 
controlled by insulin and diet. 

Examination disclosed an intelligent, affable, white 
woman in good general condition. The blood pressure 
was 180/100 mm. Hg. The optic fundi disclosed a 
moderate degree of diabetic retinopathy. The out- 
standing finding consisted of vigorous, irregular, and 
rapidly executed movements of flinging type implicating 
the proximal and distal muscles of the left-sided 
appendages. The head jerked irregularly towards the 
left, the jaws champed and the left side of the face 
exhibited short-lived grimaces. These movements were 
almost constantly in play during repose and during 
voluntary activity they often became violent. They 
were absent only in sleep. Quick-succession movements 
and the finger-to-nose tests were awkwardly performed 
on the left side. The right biceps jerk was sluggish, the 
left absent. The knee jerks were sluggish but equal, and 
the achilles reflexes were absent. The remainder of 
the examination was non-contributory. 


Laboratory Studies.—The blood counts, hemoglobin 
level, blood Wassermann test and radiographs of the skull 
and chest revealed no remarkable findings. The fasting 


*This pathogenetic theory will be made the subject of a separate 
communication. : 





blood sugar was 100 mg. % and the urine showed a 
3 plus sugar reaction. The cerebrospinal fluid was clear 
and under an initial pressure of 125 mm. H,O. Its total 
protein measured 37 mg. %. The cell count was normal 
and the Wassermann test negative. 


Special Studies.—Pre-operative electrographic studies 
of the right corpus striatum and neighbouring structures 
(deep leads) were carried out simultaneously with electro- 
encephalographic recordings from standard placements 
of scalp leads. The technique employed has been 
previously described (Meyers and others, 1949). The fre- 
quency, amplitude, wave-form, and polarity character- 
istics of the patient’s recordings were compared with 
data similarly derived from 11 control subjects. They 
disclosed no distinguishing features (Figs. 2 and 3). 


Operation, March 2, 1948.—A right fronto-parietal 
bone flap was reflected under local procaine anesthesia 
and the excitable motor cortex identified by means of 
bipolar stimulation with a 60 cps. sine-wave. The 
threshold was disclosed at 3V and -25 ma. (approx.). 
The extent of the motor cortex was mapped out with a 
3-5V. stimulus and Area 4 was thus envisioned. Toward 
the end of this procedure a generalized convulsion was 
inadvertently produced and during the ensuing period 
of stupor the ballistic movements were absent. When, 
after some twenty minutes, the patient again became 
alert, the hyperkinesia reappeared. A subpial incision 
was then made through the cortex and subcortical 
U-fibres along a line just anterior to the envisioned 
Area 4. It was carried to a depth of approximately 
2:5 cm. and ran through those portions of the precentral 
gyrus described by von Bonin as Areas 4a and 4+ (Fig. 4). 
The suppressor area, 4-s, and the premotor cortex, 
Area 6, were presumed to lie anterior to the line of 
incision. 

During execution of this incision the ballistic move- 
ments ceased abruptly and a flaccid, areflexic monoplegia 
of the left upper limb was demonstrable. A slight degree 
of voluntary control over the proximal muscles of the 
extremity was retained. The left half of the face and the 
left lower limb proved to be only moderately paretic. 


Early Postoperative Course.—No hyperkinesia was 
observed at examination eight hours after operation. 
The left upper limb remained paralyzed but the patient 
executed fairly vigorous movements of the left lower 
limb, both spontaneously and to command. The supra- 
nuclear left facial paresis remained unaltered. Plantar 
stimulation evoked a flexor response bilaterally. The 
left upper limb was both analgesic and anesthetic. 

The patient’s subsequent course was generally satis- 
factory. On the fourth postoperative day she suddenly 
became unresponsive for a period of one minute. The 
eyes deviated to the left but no tonic or clonic phenomena 
appeared. Upon recovery from this episode the patient 
was immediately able to engage in conversation. She 
was neither confused nor distressed. A similar pheno- 
menon occurred on the fifth postoperative day. After 
the institution of phenobarbital and sodium diphenyl 
hydantoinate therapy there was no recurrence. The 
anticonvulsant drugs were continued until the end of the 
third month. 








PR a Aah S\N 06 recto cia ns ANA arr Rares POV tt WA ADS anne ABN ever Nn 
LF-¢ a o 
Sow | ee 


~j* o\ Kam mh A 7 _ aA P P * —— a PAS “ And — J 
hve Apr Vi PAV PAA - SLO ad Sm way v . WINALL, wy Ad ae, I” LNetonte Va 


RF -4 





RN NADAL ~ vA fete pe. etna AM anger if wh marr Wh! Aw ars i pny wat rons A, ApS Avowrrr Am, | 
a *@ , oy 


IMAP Pry Vf Wy LAL OAD ARELLANO tt PIN AL ALIA IMAI pop LOmmnrantteyt 2 PN fata pea | 
V 
RPr2 


MINA AA) AAA ANA Ve rt HAN Una a An) oneal n nA, eran | 
LO-e 


ee A ALN NS " , 2 ee ego? ARRAAA rh Pin 
ences VA aA an YER AAA nan anne II A petal ee a \ po ft pf 
: 


—- 


Fic. 2.—EEG of Case I. The scalp electrodes in the standard positions were connected to reference electrodes 
on the ears (e). The prevailing alpha wave frequency is 8/s., the amplitude ranging between 25 and 50uv. The 
frequency, amplitude, wave-form and polarity characteristics of the recordings were similar to those obtained 
in 11 normal controls. LF and RF=left and right frontal; LP and RP=left and right motor; LO and 
RO=left and right occipital ; RT=right temporal zones. j 
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Fic. 3.—EEGs of Case I derived from ring-type pick-up electrodes placed in the right corpus striatum and neigh-  ° 
bouring structures. Electrode No. 1 was the deepest of a series of eight, and was located just ventral to the head 
of the right caudate nucleus. 1-e, 3-e, 5-e, and 7-e indicate that monopolar recording technique was used, 
the numbered ring being one of a pair of pick-up leads the second member of which was attached to the right 
ear (-e). The mean frequency of waves derived from such sources was 83/s., with a range of 63-11. The 
amplitude ranged between 10 and 60uv. 1-3, 3-5, and 5-7 indicate that bipolar recording technique was used, 
the rings being connected to each other as numbered. The mean frequency of waves thus recorded was 11/s., 
with a range of 8-16. The amplitude ranged between 5-25uv. RP-e=scalp electrode placed over right motor { 
area and connected to a reference electrode on the ear (cf. RP-e, Fig. 2). These electrostriatograms are indis- 
tinguishable from those obtained in 11 normal controls. 

















SURGICAL TREATMENT OF HEMIBALLISMUS 121 


The paresis of the left lower extremity increased 
somewhat during the third, fourth, and fifth postoperative 
days, but repeated examinations failed to disclose 
evidence of spasticity, hyperreflexia, clonus, or Babinski’s 
toe phenomenon. Early in the second week the paresis 
of this limb improved perceptibly. The paralysis of the 
left upper limb, however, continued unaltered. The 
patient was discharged to her home on March 19, 1948. 


“ater Postoperative Course.—At the end of the third 
.nonth the patient was still free of hyperkinesia. The 
left facial paresis had completely receded and the 
functions of the left upper extremity had returned 
sufficiently to permit of the cutting of food, tying of shoe- 
laces, and similar practical skills. The motor power of 
the left upper limb was considered approximately half 
normal and quick-succession movements and the finger- 
to-nose test could be executed, although awkwardly. 
The left biceps and triceps jerks were more brisk than 
those on the right but Hoffman’s sign was absent. There 
was a slight stereognostic defect. Otherwise, the 
sensory functions on the left side were unimpaired. In 
walking, the patient exhibited a slight to moderate degree 
of circumduction. She could, however, walk on her 
heels and there was no Babinski sign. A residue of the 
previous hyperkinesia was discernible as short-lived, 
irregular, incoordinate movements of small amplitude, 
present chiefly when the patient was walking or executing 
“voluntary > movements with the left upper limb. In 
repose, she exhibited no hyperkinesia. 

The patient was re-examined at the end of the fifth 
month and at intervals of three months thereafter. To 
date, improvement has been progressive and she is in 
good health, gainfully employed as a housekeeper. Her 
gait is entirely normal and the left lower limb is entirely 
free of hyperkinesia. The upper limb exhibits occasional 
twitches of small amplitude, particularly when the 
patient is excited. She is able to use both hands for 
washing, cooking, ironing, sewing, fastening buttons, 
tying shoelaces, etc. Dyspraxia is apparent only in such 
complex skills as crocheting. Stereognosis has returned 
to normal. The tendon jerks continue somewhat over- 
active, but there is no spasticity and the Hoffman sign 
cannot be elicited. 


Comment.—Without such information as would be 
afforded by necropsy study it is manifestly impossible to 
assert with confidence where the pathological lesion 
responsible for this patient’s hyperkinesia was located. 
Irrespective of its locus, however, it seems reasonable 
to infer that the salutary effect of operation was achieved 
by interrupting some neural circuit upon the integrity 
of which the mediation of ballistic movements depended. 


Case II.—J.S., a 71-year-old housewife was admitted 
to the University Hospital on January 19, 1949, com- 
plaining of severe jerking movements of the limbs of 
the left side of three months’ duration. Early in 
September, 1948, she had experienced unsteadiness and 
“* dizziness ” for a week. In mid-October uncontrollable 
jerking movements appeared, first on the left side of the 
face and neck and shortly thereafter in the left shoulder 
and arm. After a few days the movements abated 
somewhat, but they soon returned with renewed vigour, 


D 


and within a month possessed also the left lower limb. 
During the three weeks before being admitted to hospital 
they became increasingly more vigorous and were almost 
ceaselessly at play during the waking state. The patient 
could not voluntarily suppress the movements. The 
involved muscles felt sore and fatigued but were not 
painful. Sedatives were required for sleep. 

The patient became very irritable and weary, and 
during the third and fourth months of her illness lost 
over 25 pounds. For the ten days preceding her admis- 
sion she had been unable to walk, even with assistance. 
Anorexia and nausea were prominent symptoms during 
the week before admission. 


Past History.—Dyspneea and palpitation had been 
present ‘‘ for many years ’’, and the patient was known 
to have had arterial hypertension for about a decade. 
Digitalis therapy had been administered for one and 
one-half years before the present illness and there had 
been no symptoms of cardiac failure. She had borne 
five healthy children. Except for “‘ nervousness ”’ and 
intermittent attacks of gall bladder colic over the course 
of 25 years, the past history was unremarkable. 


Physical Examination.—The patient appeared ill and 
harassed. The blood pressure measured 220/80 mm. 
Hg. The retinal arteries were somewhat narrow, and 
owing to opacities of the ocular media, the optic disc 
margins appeared hazy. The cranial nerves were 
clinically intact. A small nodule was palpable in the 
left lobe of the thyroid gland. The heart was slightly 
enlarged to the left and exhibited an irregular irregularity 
of beat. The chest was emphysematous and the radial 
arteries felt sclerotic. 

Almost continuous ballistic movements possessed the 
left-sided limbs, the head, tongue and left half of the face. 
Owing to their presence the tendon reflexes of the left 
side could not be reliably evaluated ; however, they 
seemed in general less brisk than those of the opposite 
side. In the same manner, the muscle tone of the 
hyperkinetic limbs seemed diminished. The ballistic 
movements (as analyzed by s!ow-motion cinematography) 
were manifestly produced by activities of the muscles 
of the shoulder and hip girdles as well as of the proximal 
and distal muscles of the extremities themselves. The 
strength of the left grip was approximately half that 
exhibited on the right. Tests for gait and coordination 
could not be carried out. 


Operation, Jan. 25, 1949.—Under rectal avertin and 
light intravenous pentobarbital anesthesia the motor 
cortex was outlined and the threshold of that portion 
corresponding to the upper extremity determined at 
2:25 V. and 0:25 ma., using a 60 cps. sine-wave. 
Stimulation along the anterior margin of the precentral 
gyrus and the posterior margins of the frontal gyri just 
anterior thereto with 4-0-5-0 V. evoked no motor dis- 
charges but following the application of such stimuli by 
8-15 seconds the previously ascertained threshold value 
of stimulus failed on several trials to evoke its usual 
response when applied to the motor cortex. The sub- 
sequent return of excitability of the latter at 2:25 V 
appeared to indicate that no spontaneous heightening of 
its threshold had taken place. Other portions of the 
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exposed cortex failed to show this phenomenon. 
Although not without reservation, the operators con- 
sidered that the forward region probably corresponded 
to the suppressor strip, 4-s. A subpial cortico-subcortical 
incision was then carried out as described in Case I (Fig. 4). 


4, MOTOR CORTEX 


4a (FA 
4-S, SUPPRESSOR AREA 
\ |___ 6., PREMOTOR CORTEX 





Fic. 4.—Diagram of lateral aspect of right hemisphere showing the presumed 
topographic relations of the line of subpial section carried out in Cases I 
and II. The motor cortex was identified by electrical stimulation, and the 
disposition of Brodmann’s Area 4 then estimated by visual inspection. 
The subpial incision followed a line just anterior to Area 4, probably cutting 

Area 4-s, the suppressor strip, and 

Area 6, the premotor cortex, are represented rostral to the line of incision. 

The pyramidal and parapyramidal corticofugal fibres arising from Area 4 

are represented in their course through the depth of the hemisphere. In 

the inset, the depth of the incision through the subcortical U-fibres of 

Int.C.=right internal 

capsule ; Crus=right crus cerebri ; G.Pre-C.=precentral gyrus ; G.Post-C. 


through 4y and 4a of von Bonin. 


adjoining and near-neighbouring gyri is illustrated. 


=postcentral gyrus. 


Early Postoperative Course.—Ballistic movements were 
absent throughout the remainder of the patient’s course. 
A left hemiplegia of flaccid, areflexic type was demon- 
strable following recovery from anesthesia. The vital 
signs reached normal levels on the third postoperative 
day. At this time a well-patterned Jacksonian seizure 
of slight to moderate severity and 30-40 seconds’ duration 
occurred. It began in the left thumb and spread to 
implicate the entire left upper limb and the left side of 
the face. Several such episodes occurred on the third 
and fourth days. They then regressed and were not 


seen again. The patient was moderately stuporous for 
the better part of the first week ; after this she became 
more responsive and by the tenth day was fairly rational. 
Muscle tonus was first detectable by clinical tests in the 
left lower limb. The tendon reflexes were at this time 
absent on the left side and 
normal on the right. The heart 
rate was 88 per minute and the 
blood pressure 130/60 mm. Hg. 
During the third postoperative 
week the patient at times seemed 
bewildered although most of the 
time her speech was rational. 
On the seventeenth day she 
executed weak movements with 
the left lower extremity and 
inquired when she might go 
home. Although examination 
was considered not completely 
reliable, her sensory functions 
appeared essentially undisturbed. 
The left hemiplegia persisted. 


Terminal Course.—On the 
twenty-sixth postoperative day 
the patient’s general condition 
appeared satisfactory. While 
sitting up eating supper she 
aspirated a quantity of milk soup. 
Dyspnoea and cyanosis super- 
vened at once. The skin became 
cool, mottled, and profusely wet 
with perspiration. The heart 
rate increased to 140 per minute 
and the blood pressure rose to 
220/80 mm. Hg. Auscultation 
revealed no unusual heart 
findings, but coarse rales were 
heard anteriorly over both sides 
of the chest. Speech was slow 
and measured. The patient 
remained conscious throughout 
and followed verbal directions 
well. A moderate quantity of 
thin mucoid material was aspir- 
ated by bronchoscopy from the 
trachea and left upper and 
lower bronchi. Oxygen therapy 
was instituted. The acute episode 
subsided within 45 minutes. 

Electrocardiography failed to 
provide evidence of a coronary 
occlusion or pulmonary infarct. A few hours later 
fine and coarse rales were audible over the left lower 
lobe. Despite the prophylactic administration of 
penicillin, pneumonia developed and the patient died 
three days later, on the twenty-ninth postoperative day. 


Necropsy.—An acute bronchopneumonic consolidation 
was revealed throughout the right lung. There was 
evidence of a generalized arteriosclerosis. All other 


Significant post-mortem findings were confined to the 
brain. Some residual subpial hemorrhages and localized 
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swelling were noted in the gyri adjacent to the line of 
cortico-subcortical incision. The interface of the 
incision was well agglutinated. In depth, it closely 


The 


approximated 2:5 cm. throughout its course. 
operative site was not otherwise remarkable. 





Fic. 5.—Gross coronal section of brain of Case II at level of mammillary bodies 
(seen from behind), showing encephalomalacic shrinking and obscuration 
of structures in and neighbouring upon the right lenticular nucleus, external 
capsule, and claustrum. The corpora Luysi appear normal. 


The brain was suspended in formalin for a week. 
Coronal sections were then cut at intervals of approxi- 
mately 0-5 cm. The ventricular system was moderately 
dilated. The gross sections revealed only one lesion : 
a brownish-purple, granular-appearing discoloration 
within an obviously shrunken lenticular nucleus (Fig.5). 
This finding was most intense in those portions of the 
putamen and both crura of the globus pallidus 
appearing in the coronal section through the mid- 
portion of the mammillary bodies. The internal 
and external medullary lamine were almost wiped 
out. The external capsule and claustrum were 
likewise obscured and the internal capsule appeared 
to be but slightly involved. More rostrally and 
caudally, the lenticular nucleus exhibited less intense 
pathological changes. The corpus subthalamicum 
exhibited no gross changes in colour, size, shape, 
or texture (Fig. 6). 

Microscopic study of serial sections alternating 
through Nissl, Weil, and Masson stains confirmed 
the gross pathological findings. The right putamen 
and globus pallidus were the seats of well-established 
encephalomalacic changes. Their neurocytes were 
in various stages of disintegration. The less severely 
affected cells exhibited chromatolysis, swelling, and 
nuclei in eccentric positions. The more severely 
affected cells appeared as mere smudges. Many 
cells had evidently completely disappeared. No in- 
flammatory cells or vascular proliferative processes 
were discernible. The heterogeneous appearance of 
the ground substance betrayed its general dis- 
organization. A few gemistocytic astrocytes and 


microglia were present but on the whole the glial elements, 
like the neurocytic, appeared devitalized (Fig. 7, a and b). 

All portions of the right corpus subthalamicum 
exhibited well-preserved ganglion cells, normal glial 
elements, and granular ground substance (Fig. 8). The 
ansa and fasciculus lenticulares 
disclosed moderate degrees of 
demyelination traceable into the 
ventromedial nucleus of the 
thalamus, the reticular formation 
of the anterior midbrain and the 
substantia nigra. 


Comment.—The absence of 
pathological changes in_ the 
corpus subthalamicum and the 
circumscribed character of the 
pathological findings in the 
lenticular nucleus opposite the 
side of the hyperkinesia renders 
this a critical case. It may of 
course be denied that this was a 
genuine example of hemiballis- 
mus; if so, criteria other than 
those set forth above are in need 
of definition. If, however, the 
case be accepted as one of hemi- 
ballismus, it follows that lesions 
lying outside the corpus Luysi 
may subtend the disorder, a 
circumstance which in its turn 
suggests that the integrity of a neural circuit, rather than 
a particular structure (e.g., the corpus Luysi and its 
centripetal and centrifugal fibres) is normally required 
to suppress hemiballismus. 


Discussion 


Bucy’s case and the two cases cited above demon- 
strate that by the use of relatively simple surgical 





Fic. 6.—Gross coronal section of brain of Case IT seen from 


in front at level just anterior to emergence of oculo- 
motor nerves showing apparently intact corpora Luysi 
and substantia nigra. Arrow points to the side of the 
damaged right lenticular nucleus. 
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procedures ballistic move- 
ments can be promptly 
arrested, or so signifi- 
cantly suppressed as to 
afford gratifying relief and 
thus avert exhaustion. In 
view of the refractoriness 
of hemiballismus to con- 
servative therapy, the 
negligible prospect of 
spontaneous recovery, the 
severity of the disability, 
and the frequency with 
which the illness ends 
fatally, it seems desirable 
to recommend early 
surgical intervention. 

It must be acknowledged 
that by no means all or 
even a large majority of 
cases of hemiballismus 
can be saved by surgical 
intervention. Pathological 
inquiry clearly reveals that in some instances the 
responsible lesions are progressive in nature, coming 
ultimately to involve those mesencephalic and 
diencephalic structures upon which life itself 
depends. In yet other cases multiple lesions 
develop. Though surgery appears to offer most 
promise in those cases where there is a well-circum- 
scribed, non-progressive lesion, it seems reasonable 


hemiballismus 


cardiac failure, and/or pneumonia. 
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Fic. 7.—Photomicrographs 
of putamen (A) and 
crus II of globus pallidus 
(B). The  neurocytic 
and glial elements ex- 
hibit various stages of 
devitalization in con- 
sequence of encephalo- 
malacia presumably 
secondary to athero- 
sclerosis. A con- 
siderable outfall of 
neurocytes is apparent 
and the ground sub- 
stance of the globus 
pallidus reveals patches 
of early coagulation 
necrosis. (Nissl stain.) 





to urge operation for all cases on the ground that 
this provides the only effective therapy at present 
available. 


Summary 


1. The excessive, almost ceaseless movements of 
commonly 


lead to exhaustion, 
The disorder 
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Fic. 8.—Photomicro- 
graph of right corpus 
Luysi showing the 
integrity of its neuro- 
cytic and glial com- 
ponents. All parts 
of the nucleus were 
examined and none 
showed evidence of 
pathological change. 
(Nissl stain.) 
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thus complicated almost always terminates fatally 
within a few weeks to several months of onset. 

2. The lesions responsible for hemiballismus may 
be located within the contralateral neostriatum, 
paleostriatum, thalamus or postcentral gyrus as 
well as in the corpus subthalamicum and/or its 
afferent and efferent connexions. 

3. Spontaneous cessation of hemiballismus is 
rare and treatment by physical measures, drugs or 
peripheral surgical procedures has proved to be 
disappointing. On the other hand, “central” 
neurosurgical procedures have afforded relief in a 
few instances. Two cases subjected to linear 
cortico-subcortical section just anterior to Area 4 
are reported. This procedure appears to produce 
less neurological deficit than does cortical ablation. 

4. The “ central ’’ neurosurgical procedures (cor- 
tical extirpation, linear cortico-subcortical section, 
and midbrain pyramidotomy) constitute the only 
definitive treatment upon which reliance may be 
placed for arresting ballistic movements. In view 
of the grave prognosis of the disorder, surgery 
should be regarded as a semi-emergency measure. 
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A SIMPLIFIED SUBOCCIPITAL TECHNIQUE FOR TRIGEMINAL, 
ACOUSTIC, OR GLOSSOPHARYNGEAL RHIZOTOMY 


BY 


EXUM WALKER 
Atlanta, Georgia 


A new technique for the suboccipital approach to 
the cerebello-pontine angle was presented to this 
society* in November, 1941, but because of the 
advent of war, publication was postponed. This 
technique was developed principally for section of 
the trigeminal root for tic douloureux, but is 
useful for certain other procedures in the angle. 

The present report is based on our experience 
with this method in about 175 cases. This approach 
has proved in my experience to be easier to carry out 
than the temporal approach. Furthermore, the 
clinical result has been superior in that subjective 
numbness is considerably less and the corneal 
reflex can almost always be preserved. 

Although the technique is simple, observance of 
several essential points is required ; otherwise, the 
procedure may prove to be difficult or even 
hazardous. 

The patient is placed on his side and the head of 
the table is elevated well above the lumbar region. 
The patient’s head is flexed well forward to facilitate 
access to the sub-occipital region. A lumbar spinal 
puncture is performed, but no fluid is released. An 
incision is made 4 to 5 cm. in length and is 
placed vertically with its mid-point about 5 cm. 
posterior to the external auditory canal. This is 
carried to the bone and an adequate area of bone 
is exposed with a periosteal elevator. A small, 
self-retaining retractor will usually control the 
bleeding, although electro-coagulation may be 
necessary. Occasionally the mastoid emissary vein 
may be torn, but can be controlled easily by electro- 
coagulation and bone wax. 

Although I perform the procedure through a burr 
hole one inch in diameter, a larger opening is 
recommended until the surgeon becomes accustomed 
to the procedure. If a small opening is used, a 
headlight which provides light between or near the 
operator’s eyes is essential. The burr hole is placed 
so that its upper margin includes the lambdoid 
suture and the lateral margin includes the occipito- 





* Presented at the meeting of the American Academy of Neuro- 
Surgery in Montreal, Canada, September 22, 1948. 


mastoid suture. This should expose the transverse 
sinus both superiorly and laterally. A V-shaped 
incision is made in the dura carrying each limb 
laterally to the sinus and reflected on a base formed 
by the sinus. 

At this stage spinal fluid is allowed to drain from 
the lumbar puncture needle Drainage will allow 
the cerebellum to fall away from the petrous ridge 
by gravity, and the space will be void of fluid. The 
approach is along the petrous ridge adjacent to the 
tentorial attachment. Occasionally a petrosal vein 
will have to be coagulated and divided. The eighth 
nerve is brought into view and the arachnoid torn 
just cephalad to it. This brings the sensory root of 
the fifth nerve into view about | cm. deeper. A 
small blade retractor is used to retract the pons 
gently ; this keeps the root taut and thus facilitates 
its division. The caudal portion of the nerve is 
divided by a flexible hook at its juncture with the 
pons. This is usually bloodless, but the patient 
must be well anesthetized before the root is mani- 
pulated or divided as otherwise he may move or 
strain. Straining may cause the angle to become 
filled with fluid, and this will obscure vision and 
endanger the safety of structures deep in the angle. 

After the root is inspected to be sure that the 
intended portion has been divided, the spinal needle 
is removed, the angle filled with saline, and the 
wound closed. For third division pain about one- 
third of the nerve is divided ; for second division 
pain, one half; and for first division pain, about 
three-fifths. 

While the procedure is simple, it requires 
meticulous planning and attention to detail and gentle 
caution during the intracranial part. Bleeding from 
the nerve root will be minimal or absent, provided 
that the division is made adjacent to the pons. 

If bleeding occurs into the cerebello-pontine angle, 
an attempt should not be made to pursue the source 
of bleeding. Bleeding will usually stop if the angle 
is packed with cotton superficial to the eighth nerve, 
and time for clotting is allowed. In only one 


instance has it been necessary to close the wound 
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posterior 


Fic.!1.—Position of patient on operating table. 


Fic. 2.—Site of in- 
cision and opera- 
tive exposure. 


because of bleeding without dividing the nerve, but 
within a few days the wound was reopened and the 
nerve divided without difficulty. 

The mastoid cells are often entered. If this 
occurs, they should be filled with bone wax and the 
dura closed carefully. In two instances rhinorrhcea 
developed which necessitated reopening of the 
incision and blocking the flow of fluid through the 
dura and into the mastoid cells. 

On two occasions decerebrate rigidity developed 
during the operation. This subsided promptly 
after the stylet was replaced in the spinal needle and 
the angle filled with saline : it was thought to be due 
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to sagging of the mid brain against the tentorial edge. 
It is now my practice to replace the stylet after the 
fluid has drained out of the angle, removing it 
again whenever necessary. 

No infections have occurred, and there has been 
but one fatality. This was in an eighty-six-year-old 
woman who was grateful for the relief of pain but 
wished to die. She had become ambulatory but 
would not leave hospital. She returned to bed and 


refused to eat, dying 22 days after operation. 

In three instances, all of the pain was not relieved. 
Two of these cases were reoperated upon and the 
pain relieved by dividing a few additional fibres. 




















SUBOCCIPITAL TECHNIQUE FOR RHIZOTOMY 


(The motor root is always preserved because of its 
cephalad position.) There have been no instances 
of corneal ulcerations, and no precautions have been 
used to protect the eye even in the few cases where 
the corneal reflex was lost. Herpes about the lips 
have been rare. No patients have complained of 


pareesthesias. 
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instruments used which facilitate 
operative procedure. 


Fic. 3.—Special 


After this operation sensory loss was much less 
in the average case when compared to that which 
results after trigeminal rhizotomy by the temporal 
approach. When only one-third of the root is 
divided, the patient is often unaware of any sub- 
jective sensory loss. When tested objectively, there 
is hypesthesia and hypalgesia, which is usually 
greatest in the third division distribution, but may 
be greatest in the second division area. It is 
always least in the first division. The loss becomes 
progressively increased as more fibres are divided, 


129 


but is seldom complete in any area unless the root 
is almost totally divided. This preservation of 
sensation compared with the resultant total loss of 
sensation when the root is divided near the ganglion 
is probably due to rearrangement of the sensory 
fibres as the pons is approached. 

My clinical experience suggests that it is not 
necessary to divide all of the fibres from any involved 
division of the nerve but only enough to reduce the 
afferent impulses to the point where the attacks of 
pain are no longer initiated. 

In one instance division of about one-fifth of the 
nerve was sufficient to stop pain in all three divisions 
with no recurrence after ten years, and the patient 
had no demonstrable sensory loss. A total ganglio- 
nectomy on the opposite side had been performed 
12 years previously. 

The three patients in whom the pain was not 
relieved proves that a greater division of the nerve 
may be necessary in some cases. In younger 
patients I have often gambled and divided only one- 
fourth to one-third of the nerve when two or three 
divisions were involved. This has usually relieved 
the pain with practically no subjective sensory loss. 

It was this relative preservation of sensation which 
encouraged me to persist in working out the 
technique for this procedure despite some trying 
moments during my earlier experiences. I now 
feel that it is not only a more desirable procedure 
for the patient but is technically an easier operation 
than the temporal approach. It has been a practical 
solution to the patients who had previously had a 
rhizotomy of the opposite side by the temporal 
approach. These patients were assured of preserva- 
tion of the motor function and of sufficient sensation 
to avoid difficulty in eating. 

The procedure also offers access to the other nerve 
roots in the angle so that division of the acoustic 
or glossopharyngeal roots may be carried out easily. 
This has simplified the problem of division of the 
fifth and ninth roots at the;same session. I have 
often employed this approach for diagnostic visualiz- 
ation of the angle. The opening can easily be en- 
larged if a tumour or other lesion is encountered. 


Summary 


An operative technique for the suboccipital 
approach to the cerebellopontine angle is described. 
Although developed for trigeminal rhizotomy, it is 
equally useful for acoustic or glossopharyngeal 
rhizotomy and for diagnostic visualization of the 
angle. The hazards and complications are dis- 
cussed and some advantages over the temporal 
approach for tic cases are pointed out. 








J. Neurol. Neurosurg. Psychiat., 1950, 13, 130. 


HEREDITARY SPASTIC PARAPLEGIA WITH AMYOTROPHY 
AND PES CAVUS 


BY 


HUGH G. GARLAND and C. E. ASTLEY 


From the Department of Neurology, the General Infirmary at Leeds 


The hereditary “ ataxias’’ comprise a group of 
well recognized degenerative disorders of the central 
nervous system wherein the neurological syndromes 
are largely determined by genetic transmission. 
Clinical evidence of involvement of the pyramidal 
tracts is often present, as for example in Friedreich’s 
ataxia, but from a study of the literature it would 
seem that degeneration of the pryamidal tracts alone, 
producing a spastic paraplegia, occurs much less 
frequently. This is certainly the conclusion reached 
by Bell and Carmichael (1939) following their 
exhaustive study of the literature, and they con- 
sidered hereditary spastic paraplegia to be extremely 
rare in Great Britain. It seems that Gee (1889) was 
the first to report such an occurrence here, describing 
three cases in one pedigree showing dominant 
inheritance ; Tooth (1891) published two pedigrees, 
each of two affected persons. The largest reported 
pedigree from this country however is that carefully 
described by Jones (1907). He observed a sibship of 
nine, eight boys and one girl; all the boys were 
affected to a greater or lesser extent but the girl was 
normal ; both parents were normal, there was no 
consanguinity, and no relatives were affected. 
Jones held that mutation might have occurred, but 
since the parents were normal and unrelated, no 
conclusion is drawn as to the mode of inheritance. 
Varying degrees of disability were noted amongst 
these patients, although the age of onset was uniform 
throughout (one to two years approximately). The 
cardinal signs were also present to an unequal 
though symmetrical extent in the different persons : 
they were confined to the legs, which were regarded 
as being thinner than was normal, usually with some 
degree of pes cavus. Most of the affected members 
showed a spastic gait together with an increase in 
muscle tone and tendon reflexes, the plantar res- 
ponses being always extensor. There was no evidence 
of impaired sensation. The abdominal reflexes were 
present and equal in all cases. Jones writes that the 
power in the legs was never grossly diminished and 
that the disability, after a time, appeared to become 
almost stationary. It will be seen that these features 
are all present in the pedigree we shall describe. 


Later, Ogilvie (1908) reported two affected persons 
in a family, but since that time there appear to be no 
further references from Great Britain. The largest 
number of cases of hereditary spastic paraplegia so 
far published from other countries are two pedigrees, 
both including 16 affected members, reported by 
Bayley (1897) and Bremer (1922), involving five and 
six generations respectively, with dominant inheri- 
tance. In both, the age of onset was in early child- 
hood, probably under five years. In view of the 
apparent rarity of hereditary spastic paraplegia, we 
feel that the history of a family we saw recently 
should be recorded. We shall not describe each case 
in detail, so that following the account of Case II.6, 
the first person to be examined, it may be assumed 
that the remainder are similarly affected unless 
otherwise stated. All members in generations II 
and III have been examined by ourselves. 


Case Reports 


Case I1.6.—A man, aged 31, stated that he had had 
difficulty in walking since the age of 11, at which time 
he had been ill with a ** fever’ and on recovery noticed 
the disability for the first time. Since then his legs 
have always been stiff but, in his own view, there has 
been very little change in his condition for better or 
worse since a few months after the onset. He works 
as a mechanic, which involves standing for long periods. 
Apart from his weak legs he made no other complaint 
and there was no dysuria. The gait was spastic with 
some degree of crossing one leg in front of the other, 
but with no evident ataxia. He could just jump off the 
ground, though with difficulty. There was no evidence 
of mental deterioration and he was much concerned 
about the chances of any of his offspring eventually 
developing the disorder. There was no abnormality 
on examination of the cranial nerves or the arms; the 


‘latter were strong and showed normal muscular 


development. The abdominal reflexes were brisk and 
equal. Examination of the legs revealed a marked 
degree of diffuse wasting in all muscle groups below the 
knees. There was also well-marked pes cavus with 
callosities on the ball of each foot. Power in all 
movements, however, was surprisingly well maintained, 
although there was weakness of dorsiflexion at the 
ankle and of extension of the toes. Both legs were 
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spastic, with very brisk tendon reflexes, and ankle 
clonus was present on both sides. The plantar responses 
were sharply extensor. There was no impairment on 
testing all forms of sensation. 


Case II.1.—A housewife, aged 48, stated that she 
noticed stiffness in her legs developing at the age 
of eleven. She appeared to have rather more 
difficulty in walking than Case II.6, the legs again tending 
to cross in front of each other causing a “ scissors gait.” 
She was quite satisfied that there had been no deteriora- 
tion in her condition for a number of years and she could 
do her housework and shopping with comparative ease. 

The onset in Case III.1, was said to have followed an 
attack of diphtheria at the age of 12, after which the 
patient walked stiffly ; his gait was more cross-legged 
than his mother’s (II.1) and he waddled a good deal, 
but he was a professional musician and could get about 
quite well. His unmarried sister, (III.2) aged 22, had 
the greatest disability in the group ; her affection began 
at the age of 12 and although it was stationary she found 
walking an effort ; however, she was also an asthmatic 
and had widespread eczema, so it seemed probable that 
psychogenic factors were playing a part in the in- 
capacity. Case II.4, a man aged 38, works as a clerk ; 
he was normal until the age of 11 when it was first 
noticed that he wore out his boots unevenly. His son 
(111.10) aged 16, became affected at the age of 14; this 
was the mildest example of the series because the boy 
walked normally and could jump well off the ground 
with both feet together; early pes cavus was present 
but there was no muscular wasting below the knees. 
Case III.8, aged 17, developed the early signs when 
12 years old; examination revealed all the constant 
features, and his mother (11.3) was unaffected. Case I.1, 
1.2, and 1.3, are all dead, I.2 at the age of 71 from heart 
failure ; he is said always to have walked slowly with a 
stiff gait and it seems highly probable that he was 
affected. Cases I.1 and 1.2 were unrelated. The sister, 
(1.3) appears to have been affected, and here again the 
onset was at about 12 years of age. Thus there were in 
all nine affected members, seven of whom we have our- 
selves examined. We would emphasize that in no case 


was there any suggestion of mental deterioration, 
dysarthria, nystagmus, tremor, optic atrophy, fibrillation, 
ataxia, kypho-scoliosis, or vasomotor changes in the 
legs. 


Discussion 


This pedigree provides a clear example of spastic 
paraplegia inherited by dominant transmission. 
Case II.3 certainly possessed the gene and trans- 
mitted it to III.8, although she herself was unaffected 
and must be called a conductor. This anomaly is 
explained by the fact that skipping of a generation 
has occurred (Roberts, 1949a), a common event in 
the transmission of human dominant traits. The 
precise reason for this suppression is obscure but 
it has probably to do with the total effect produced 
by the interplay of all genes possessed by any given 
person ; in the case of II.3 these must have acted so - 
as to cause the non-expression of the dominant gene 
she undoubtedly carried, thus preventing its effect: 
This example of skipping serves, therefore, to under- 
line the fact that it is not possible to state that the 
unaffected child of an affected person cannot 
possess nor transmit the gene (Roberts, 1940). It 
also stresses the need to investigate as widely as 
possible amongst relatives when searching for 
possible genetic factors. 

The age of onset of hereditary spastic paraplegia 
varies widely, more or less from birth to the fifth 
and sixth decades, although in the majority it is 
between the ages of three and fifteen years (Brain, 
1947). It is remarkable how in many pedigrees the 
age of onset is fairly constant and in all of our cases 
was at or about the age of twelve. Many writers 
have drawn attention to some infectious illness 
having often just preceded the onset, but this 
happened in only two of our cases; probably a 
period in bed merely makes a commencing disability 
the more obvious when walking is once again 
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resumed. The expectation of life is good and few 
die under 50 years of age (Bell and Carmichael, 
1939); there is, of course, no reason why this 
disability should shorten life, bearing in mind that 
there are usually no sphincter disturbances and the 
patient rarely becomes bed-ridden. It is probable 
that Case I.2 lived 59 years with his paraplegia and 
Case II.1 enjoys perfect health 37 years after the 
onset of symptoms. We were impressed by the 
relatively minor amount of incapacity in our cases ; 
indeed all of them are living full lives. 

Wasting of the leg muscles in association with 
hereditary spastic paraplegia appears to be extremely 
uncommon and has rarely been described. In our 
cases it was global and quite striking, such as might 
be seen, for instance, in peroneal muscular atrophy. 
We are unable to trace another pedigree quite like 
our own in this respect, with the possible exception 
of that reported by Jones (1907), although, occasion- 
ally, amyotrophy occurring in one or two affected 
persons within a pedigree has been reported, and 
particularly has this been so when the arms were 
similarly involved. In view of its severity we are 
disinclined to accept the suggestion that this wasting 
may be due to disuse, thus being purely a secondary 
effect of the paraplegia itself ; it is more likely that 
a lesion of the lower motor neurones is the true 
cause. Necropsies in these cases are very rare, but 
Eichhorst (1896) described atrophic anterior root 
fibres, whilst Pellizzi (1906) found degeneration in 
both anterior horn cells and root fibres. We have 
considered the possibility of a further explanation 
for this wasting. Instances of hereditary disorders 
of the central nervous system and peroneal muscular 
atrophy occurring within the same pedigree have 
been described (Biemond, 1928), and occasionally 
cases have been reported showing features of both, 
just as though each gene exerted its specific effect in 
the one person. In this pedigree, however, each 
person, excepting the youngest member, shows 
muscle wasting; there is no sign of this in 
any unaffected person in the family, and it is 
practically impossible that we could here be dealing 
with two genes (Roberts, 1949b). So far as the 
paraplegia alone is concerned, the absence of signs 
of involvement of the nervous system above the 
lower extremities suggests that the lesion of the 
pyramidal tracts is somewhere in the dorsal cord. 

Pes cavus has been a constant finding in our cases 
and indeed it frequently occurs in the hereditary 
ataxias. The exact mode of production is not fully 
understood and many differing causes are usually 
cited which, if due to neurological disease, com- 
prise spasticity in the legs or paralysis of the intrinsic 
muscles of the feet. Moreover, the onset of pes cavus 
from any cause shows the highest incidence at 


adolescence and thus it arises that, when neurogenic, 
its presence always suggests the possibility of a 
genetic origin. It seems therefore of interest to refer 
to a paper written by Collier (1899). He concluded 
that spasticity from any cause, provided it acted for 
a sufficient duration, tended to produce a greater or 
lesser degree of pes cavus, particularly in young 
people whose skeletal structures are less rigid than 
in later life ; this, he thought, could be produced by 
the increased tone existing in such conditions in the 
extensors of the toes, tibialis posticus, and peroneus 
longus. He noted that in all such instances the 
plantar responses were sharply extensor and drew 
the conclusion that the pattern of muscle tone 
producing pes cavus and the extensor response was 
identical. The youngest case in our series (III.10) 
showed no signs of wasting, but he had hypertonus, 
pes cavus, and sharply extensor plantar responses, 
suggesting that in this pedigree, at any rate, the pes 
cavus was unrelated to wasting in the feet and legs, 
thus supporting Collier’s view. Nevertheless, bi- 
lateral pes cavus is also an almost constant feature 
of hereditary hypertrophic “neuritis” in which 
disease there is no lesion of the pyramidal tracts, so 
that spasticity is clearly not essential in its production. 

Since there is a wide range in the age of onset of 
hereditary spastic paraplegia, it follows that the 
possibility of a genetic origin should be considered in 
all cases of spastic paraplegia of otherwise undeter- 
mined causation. Should there be a family history of 
others similarly affected the diagnosis becomes 
obvious, but there may be no such history particu- 
larly where the transmission is recessive and in 
families of small sibships, thus causing real difficulty 
in diagnosis. In such isolated instances the diagnosis 
would be suggested by the exclusion of other causes 
of spastic paraplegia, particularly early spinal com- 
pression and disseminated sclerosis. Routine 
investigation should rule out the former, but the 
error might still be made to attribute the isolated 
case in young adult life to the latter, and correct 
differentiation is important because the prognosis 
is clearly different. The frequent onset in childhood 
and the absence of remissions and disseminated 
physical signs serve to exclude disseminated sclerosis ; 
moreover, the abdominal reflexes are almost con- 
stantly absent in this disease whereas they are often 
present in hereditary spastic paraplegia, whilst well 
developed pes cavus probably never occurs in 
disseminated sclerosis. 


Summary 


A family is described showing a syndrome of 
spastic paraplegia, amyotrophy, and pes cavus. 
It has been transmitted as a Mendelian dominant. 
The pes cavus is not produced by the amyotrophy. 
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It is concluded that the amyotrophy is produced by 
the same gene which produces the spastic paraplegia 
and the pes cavus. Reference to the literature 


suggests that this is very rare and extremely so in 
Great Britain. 
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BY 


EDWIN R. BICKERSTAFF 


From the Department of Neurology, United Birmingham Hospitals 


The family under consideration in this paper has 
been studied in detail, not only because its members 
provide many examples of a disease which is very 
rare in this country, but also because the differing 
clinical picture appearing in certain members of the 
family may contribute to the better understanding of 
the hereditary disorders of the central nervous system, 
and their possible inter-relationship. The tendency 
for the members of this family to remain in the same 
part of the same city, even after marriage, has made 
it possible to examine the majority of the living 
members, and clinical details have been obtained 
concerning several who have died. 

It is evident that the disease is widespread through- 
out three generations, and possibly four, and that 
alongside examples of the fully developed syndrome, 
there are numerous early or abortive cases. A 
noteworthy occurrence was the appearance in an 
otherwise neurologically normal member of the 
worst-affected branch of the family of a typical 
retrobulbar neuritis. This case was seen both in 
the acute phase and while progressing to an optic 
atrophy. A probably similar occurrence was noted 
in a cousin, and sufficient abnormality of the discs 
seen in two other members of the family for the 
suspicion of a retrobulbar neuritis to have been 
raised. 


The English Families 


Though the first description of hereditary spastic 
paraplegia is usually ascribed to Striimpell (1880) 
there seems little doubt that the same, or a closely 
related pathological process was responsible for 
the condition described by Seeligmiiller (1876) four 
years earlier, the main clinical difference being the 
presence of widespread general wasting, which may 
well have been an atrophy of disuse. Since these 
early reports a large literature has accumulated, 
excellent reviews of which are given by Rhein 
(1916), Paskind and Stone (1933), and Bell and 
Carmichael (1939), and there is little to be gained 
by further repetition here. Any study of the 
published cases, however, shows the great majority 
to be in the continental journals, particularly those 


from Germany. Families are described in the 
central and southern American journals, others 
from the United States, and isolated reports came 
from Russia and Japan. In Great Britain, how- 
ever, the disease appears to be rare, and indeed, 
despite an intensive search, Bell and Carmichael 
(1939) were able to find one family only amongst 
the records of the last 25 years at the National 
Hospital, Queen Square, London, and the Maida 
Vale Hospital, London. (If one holds to strict 
diagnostic criteria, the disease is less common in 
other countries than appears, for it would seem, 
as Bell and Carmichael (1939) observe, that the 
major justification for the clinical differentiation of 
this condition from the spastic ataxias is the absence 
of any form of ataxia—a rule not always observed.) 

A number of families affected by the disease 
have however been reported in this country. 

Philip (1886) described a family illustrating 
linkage between two hereditary disorders, the 
father and one son developing typical spastic 
paraplegia, while the other son and a member of an 
earlier generation showed the pseudo-hypertrophic 
form of muscular dystrophy. 

Gee (1889) described a father and two sons, all 
being affected from infancy, if not from birth, with 
a severe spasticity unassociated with ataxia, while 
there were other congenital abnormalities in the 
father’s mother’s family. 

Tooth (1891), considering four new cases of his 
own in conjunction with Gee’s, concluded that 
hereditary spastic paraplegia was probably a clinical 
entity, though post-mortem studies were not then 
available. 

Holmes’ (1905) family had two (and possibly 
three) members who had a spastic paraplegia of 
early onset combined with localized muscle wasting. 
He thought at that time that Seeligmiiller’s cases 
might present a different condition, the wasting 
being generalized and possibly a disuse atrophy. 

The eight cases described by Jones (1907) were 
all members of one sibship of nine, four having the 
right side mainly affected. He lays stress on the 
maintenance of power despite the spasticity. 
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Ogilvie (1908) presented to the Royal Society of 
Medicine the case of a girl showing spastic para- 
plegia without ataxia, whose two sisters were 
similarly affected. It is interesting that this patient 
was reputed to have been ataxic four years earlier. 


‘In the discussion following, Dr. Guthrie stated that 


he attended a family in which the father and three 
of five children showed spasticity without ataxia. 

Manson’s (1920) cases both showed mild ataxia 
and nystagmus in addition to the spasticity and 
probably should not be included under this heading. 

No further examples have been traced in the 
English literature until the one family described by 
Bell and Carmichael (1939). Three of four sisters 
were affected, the two who were examined showing 
signs of marked pyramidal disease with posterior 
column affection but no ataxia, while a third, not 
seen, was said to have disseminated sclerosis. The 
parents were second cousins and the onset of 
symptoms in the three cases occurred at ages 19, 
30, and 40 respectively. 

A familial spastic paraplegia was studied by 
Worster-Drought and others (1940 and 1944), but 
their cases showed an accompanying presenile 
dementia, the syndrome being caused apparently by a 
hyaline change in the vessels and resultant demye- 
lination, and so differing considerably from the 
pathological changes usually found in hereditary 
spastic paraplegia. 


The Present Investigation 


Attention was first drawn to the existence of this 
family when II.9 (Fig. 1) was referred to Professor 
P. C. P. Cloake’s clinic in 1940, and later admitted 
to the Queen Elizabeth Hospital for investigation 
of his paraplegia. At first his condition suggested 
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a diagnosis of disseminated sclerosis, but the 
discovery that other members of his family were 
reputed to be similarly affected led to the conclusion 
that this was, in fact, an example of one of the 
heredo-familial disorders of the central nervous 
system. With his death from a cerebral hemorrhage 
in 1944 no further contact was made with his 
relatives until his grandson was brought to the 
Neurological Clinic at the General Hospital, 
Birmingham, in 1948. The child’s mother gave the 
story that her husband, her brother-in-law, and this 
infant had all developed the same condition as her 
father-in-law. It was decided to examine the father 
and the normal son, and the discovery that the latter 
had a typical retrobulbar neuritis was of such great 
interest that a more extensive investigation was 
embarked upon to include all the siblings of the 
original patient (11.9), their children and _ their 
grandchildren. This was carried out personally, 
each patient being written to, the purpose of the 
investigation explained, and an invitation to attend 
as an out-patient for examination extended. 

In the three generations with whom personal 
contact has been possible, there have been 76 
individuals, of whom 20 have died. Of the re- 
maining 56, 43 have been examined, while 13 were 
on active service with high medical categories, 
untraced, living out of the country, or unwilling to 
attend. It is notable that three only came into this 
last group. . 


Criteria for Diagnosis 


In the course of investigation of such a family, 
the diagnosis of the fully-developed case of the 
disease presents little difficulty. The patient’s stiff 
but not ataxic gait seen first on entering the examina- 
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tion room ; his complaints of stiffness on climbing 
stairs, ““ numbness” of the legs, weakness, un- 
controllable shaking, nocturnal flexion, tripping, 
wearing out the toes of the shoes; and the 
finding of spastic limbs usually with well-preserved 
power whose reflexes are markedly exaggerated, 
one or both plantars extensor, coordination good 
but vibration sense diminished in the legs, all 
combine to make an easily recognizable picture. 
To this must be added the deformity of the feet 
found in many cases, which, though akin to pes 
cavus, differed in that whereas the toes were re- 
tracted, and the foot shortened antero-posteriorly 
with convexity upwards of the dorsum, yet the 
expected concavity of the plantar surface was 
reduced and apparently filled in by soft tissue, 
tending to disappear entirely when the patient stood 
erect so that the imprint of the foot was normal. 
A difference in the deformity of the foot in cases of 
spastic paraplegia from the well-known pes cavus 
of the hereditary ataxias was noted by Bell and 
Carmichael (1939) from their study of the literature, 
and Tooth (1891) had remarked that in a member 
of his family “‘ the feet present the appearance of 
pes cavus but the arching disappears when he stands 
on the feet’. This is again mentioned by Jones 
(1907), and Appel (1949) refers to a foot deformity 
similar to that seen in Friedreich’s ataxia, but less 
marked, and not typical. This appears particularly 
liable to occur in hereditary spastic paraplegia. 

This investigation was intended also to discover 
whether early, incomplete, or abortive forms of the 
disease existed in apparently unaffected members of 
the family, and many problems thus arose. It is 
necessary to exert self-discipline and avoid too 
great a diagnostic enthusiasm, for while it is a great 
advantage for purposes of comparison for one 
neurologist to examine all the members of a family, 
yet the temptation then arises to consider very slight 
deviations from the normal as examples of incipient 
disease. This applies particularly to the assessment 
of tendon reflexes. It is a well-known fact that 
nervousness is often accompanied by hyper-active 
reflexes, and at a first medical examination it is not 
infrequent for patients to exhibit considerable 
nervousness, particularly when they are aware that 
the examiner is searching for signs of a disease, 
the drastic late results of which they have witnessed 
in their relatives. Even ankle-clonus can be present 
under such circumstances, and many motorists will 
testify that following some alarming experience 
attempts to rest the feet upon the pedals may result 
in uncontrollable shaking of the limb. 

Exaggerated reflexes alone were not therefore 
considered evidence of incipient disease. It was 


required that exaggeration be very marked and 


accompanied by some other feature or features of 
the fully-established condition, e.g., subjective 
symptoms of stiffness, uncontrollable shaking, or 
occasionally numbness ; increase in tone (itself a 
difficult sign to assess), the characteristic foot 
deformity, long-sustained clonus or abnormal 
plantar responses. By these criteria several mem- 
bers whose reflexes appeared pathologically brisk 
have not been included as early cases, though in 
one of the two most extensive families previously 
investigated (Dobrochtow, 1913), the presence of 
exaggerated reflexes only was considered evidence 
of incipient disease, while Appel (1949) more recently 
has adopted similar criteria. 

A very careful examination of the fundi was made 
in all cases, for though optic atrophy is rarer in 
hereditary spastic paraplegia than in the ataxias, the 
finding of a retrobulbar neuritis in one member led 
to a search for similar findings or sequela. Pallor 
of the discs is so variable and indefinite a sign, 
however, that it was decided to adopt the attitude 
taken by Bell (1933) and never diagnose optic 
atrophy from pallor of the discs alone, unless visual 
failure was present. Similarly blurring of the 
edges of the discs was not considered definitely 
abnormal unless accompanied by visual failure, or 
known to progress to atrophy. In this way several 
dou_:ful abnormalities have not been included in 
the genealogical table, but their presence is noted 
in the case histories. 


Clinical Data 


Though, as has been mentioned above, this family 
has remained within a small area, comparatively 
little contact with one another has been maintained, 
and conflicting statements were made by different 
persons regarding the health of the same relatives. 
The greatest difficulty was experienced in respect of 
Generation I,* for though the father of Generation 
Il was known to have been perfectly well apart from 
bilateral cataract in later life, no other accurate 
information was obtainable about any of his siblings 
or his parents. The mother of Generation II also 
led a healthy life. She was an only child, but had 
several step-brothers and sisters, one of the former 
being reported by one member of the family to have 
suffered from similar “ leg-trouble ” but according 
to another member to have appeared quite fit in 
later life. 


Generation II (14 members) 


Ili M. Died 1932 of tuberculosis. Leg 
trouble since childhood, frequently stum- 
bling; left leg mainly affected; walked 
exactly like II.9 in later life. 


* Numbers refer to genealogical table, Fig. 1; ages when first seen 
unless otherwise stated. 
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M. Died in infancy, cause unknown. 
F. Died in infancy, cause unknown. 


M. Age 66. Affected since 36. First 
episode probably prolapsed lumbar disc ; 
still occasional pain. Increasing stiffness, 
shuffling gait, unsteadiness descending hills. 
Arthritis of knees. Gait spastic, no ataxia. 
Cranial nerves, arms, trunk normal. Slight 
general wasting lower limbs, marked spas- 
ticity, exaggerated knee and ankle jerks, 
left plantar abnormal. Vibration sense 
diminished at ankles. 


F. Age 64. Lame 24 years. Increasing 
stiffness, contracture of hamstrings. Pain 
and swelling right knee. Jumping and 
involuntary flexion left leg. 1944 treated 
by extension, later attempted arthrodesis 
right knee but developed infected joint. 
Obese. Cranial nerves normal. Arm re- 
flexes much exaggerated. Right knee not 
examined fully owing to chronic infective 
process. Left also swollen and arthritic. 
Bilateral increase of tone. Left knee and 
ankle jerks and right ankle jerk exaggerated. 
Right plantar equivocal, left extensor. 
Vibration sense absent ankles. Bilateral 
foot deformity. 


M. Died aged 54 (1944) of pneumonia. 
Son’s description of increasing lameness in 
later life, with many falls, one severe, suggests 
involvement to some degree. 

F. Age 60. Fifteen years tendency to 
fall, difficulty climbing stairs, unsteadiness 
downhill, pains in knees. Obese. Arthritis 
of shoulders and knees. Cranial nerves 
normal. Very exaggerated arm _ reflexes. 
Absent abdominal reflexes. Increased tone 
left leg. Weakness dorsiflexion foot. Knee 
jerks much exaggerated. Bilateral extensor 


plantars. Gait spastic; no ataxia. 
M. Age 59. Worked in India most of 
life. Lameness since 50. Complained only 


of dragging legs. Gait grossly spastic with 
adductor contractures. Marked euphoria in 
face of grave disability. Cranial nerves, 
arms, trunk normal. Hip movements and 
right leg grossly spastic. Contracture ad- 
ductors and gastrocnemii. Power good. 
Reflexes much exaggerated. Right plantar 
equivocal, left extensor. Vibration sense 
absent ankles, diminished at knees. 


M. (The first member seen at this 
neurological unit.) Age 48 (1940). History 
of tuberculosis 1920-23. Left hip gave way 
July, 1940. Increasing weakness left leg 
since ; trembles when weight-bearing, drags, 
catches on pavements and trips him up. 
Nocturnal frequency of micturition. Gait 
spastic. “* Only slight ataxia.”” Cranial nerves 
and arms normal except for wasting of the 
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thenar eminences. Abdominal reflexes absent. 
Wasting left thigh ? in. Bilateral spasticity 
of legs ; weakness left leg ; exaggerated knee 
and ankle jerks, bilateral extensor plantars. 
** Only very slight ataxia on left.” C.S.F., 
W.R., x-ray examination of spine, all normal 
findings. B.P. 190/115 mm. Seen again 1944 
when thought to have swelling left disc ; arm 
reflexes now exaggerated. Found uncon- 
scious December, 1944; died of cerebral 
hemorrhage. Necropsy details not available. 

M. Dead. Little information. Not known 
to be affected. 

F. Age 51. No complaints except aching 
right knee. Mild euphoria. Very slight 
choroidal degeneration in fundi. Arms and 
trunk normal. Hypertonia left leg, bilateral 
contracture gastrocnemii, foot deformity left. 
Exaggerated knee and ankle jerks, bilaterai 
extensor plantars. Vibration diminished right 
ankle, absent left. 


M. Killed 1914-1918 war. Said to be 
normal. 
F. Age 46. Dragging right leg two years, 


increasing, now affecting left. Loses control 
walking downhill. Right leg jumps and flexes 
at night. Chronic bronchitis. Discs pink and 
indistinct but probably normal. Arms normal 
except much exaggeration of reflexes. Gross 
spasticity legs, contracture gastrocnemii 
worse on right. Weakness hip movements 
and dorsifiexors of ankle. Knee jerks grossly 
exaggerated and clonic. Ankle jerks difficult 
to elicit owing to contractures. Bilateral 
extensor plantars. Bilateral defect vibration 
sense ; defect of joint sense right. Grossly 
spastic gait. Crepitus at knees. Marked 
euphoria in face of considerable disability. 


M. Died at birth. Exact position in family 
uncertain. 


Generation III (36 members) 
(11I.1-8. Offspring of II.1) 


F. Age 44. Legs give way at knee. Others 
say she walks as if about to fall. Cranial 
nerves and arms normal except great increase 
in reflexes. Abdominals absent. Bilateral 
hypertonia in legs with weakness dorsiflexion 
right foot. Marked exaggeration knee jerks 
with patella clonus ; exaggerated ankle jerks. 
Right plantar extensor; left equivocal. 
No ataxia. 


M. Died at one month, cause unknown. 


M. Age 41. No complaints except clicking 
and swelling left knee and bronchitis. Obese. 
Bronchitic signs in chest. Cranial nerves and 
arms normal except much exaggeration of 
reflexes. Abdominals present. Slight hyper- 
tonia left leg. Weakness left knee. Gross 
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exaggeration knee and ankle jerks. Both 
plantars abnormal. ‘* Possibly very slight 
ataxia.” 

M. Always unstable. Severed connexions 
with family and committed suicide at date 
unknown. Not known to have been affected. 


F. Died at birth. 


F. Died at age 28 of tuberculosis. Not 
known to have been affected. 


F. Died aged 28 of pneumonia (? tubercu- 
losis). Not known to have been affected. 


M. Died aged one month. Cause unknown. 


F. Age 35. Only daughter of II.4. Ankles 
swelling 10 years, more recently letting her 
down. Knees and ankles stiffened. Pares- 
thesiz at night with cramps. Obese. Bilateral 
cedema of ankles. Heart and kidneys normal. 
Cranial nerves normal. Marked exaggeration 
arm reflexes. Abdominals present. Increased 
tone right leg with mild foot deformity. 
Marked exaggeration knee and ankle jerks 
with bilateral extensor plantars. 


(I11.10-12. Offspring of II.5) 


M. Age 33. Widespread rheumatism. 
Rejected from Army for reputed heart 
disease. Slight stiffness in legs when cold. 
Heavily built. No abnormality in any system 
apart from very brisk reflexes. (Not con- 
sidered affected.) 

M. Age 26. No definite complaints. Cranial 
nerves, arms, and abdomen normal. Knee 
jerks brisk ; ankle jerks exaggerated. Right 
plantar flexor; left probably extensor ; 
Oppenheim extensor. Vibration markedly 
diminished both ankles ; slightly at knees. 
Foot deformity more of true pes cavus type 
than in other cases. 


M. Killed 1939-45 war. ‘‘ An unusually 
fine physical specimen.” 


M. Age 35. Son of II.6. No complaints. 
Cranial nerves, arms and trunk normal. 
Slight hypertonia of legs. Marked exaggera- 
tion knee and ankle jerks with ankle clonus. 
Plantars flexor. Bilateral foot deformity. 


(I11.14-22. Offspring of II.7) 


M. Age 41. Occasional unpredictable 
attacks of numbness in legs. Cranial nerves 
normal except middle-ear deafness left. 
Arms, marked exaggeration reflexes. Left 
upper abdominal reflex very weak. Charac- 
teristic foot deformity with early contracture 
tendo-achilles. Hypertonia, left more than 
right, with gross exaggeration knee jerks and 
patella clonus; exaggeration ankle jerks 


and ankle clonus. Both plantars apparently 
flexor. Gait, mildly spastic. 
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111.26 


111.27 
(G 265267) 


F. Age 40. No definite abnormality. 

M. Age 39. Legs felt heavy on rising in 
morning for years. Occasional paresthesiz. 
Cranial nerves normal. Left arm reflexes 
brisker than right. Abdominals normal. 
Mild bilateral foot deformity. Left knee and 
ankle jerks definitely brisker than right. 
Left plantar extensor. Vibration diminished 
left. 


M. Not examined but said by brothers to 
be unaffected. 


M. Died of jaundice, etiology unknown, 
aged 23. 


M. Died of croup, age unknown. 


M. Age 30. Feet shake uncontrollably on 
weight-bearing. Some visual failure but no 
sudden loss. Fundi, right normal; left disc 
very sharply outlined with pale segment at 
7 o'clock, significance doubtful. No field 
change. Arms, marked exaggeration reflexes. 
Abdominals, right weak; left almost 
unobtainable. Deep refiexes exaggerated. 
Knee and ankle jerks much exaggerated with 
patella and ankle clonus. Plantars flexor. 


F. Died shortly after birth of congenital 
heart disease. 


F. Age 23. Left leg heavy and letting her 
down for two years. Some vague paresthesiz. 
Obesity, particularly of hips and thighs. 
Cranial nerves, arms and legs normal except 
for very brisk reflexes. (A very doubtful case 
—symptoms similar to the early stages of 
the disease but no definite objective evidence.) 


(111.23-26. Offspring of II.8) 


F. Alive, healthy, living in India. 
affected. 

M. Healthy, living too far away to be 
examined. Not affected. 

M. Age 25. No complaints and no abnor- 
mal signs except very brisk arm reflexes and 
gross exaggeration knee jerks. (Not con- 
sidered sufficient evidence of affection.) 

M. Age 23. No complaints. Cranial nerves 
normal. Slight weakness left arm. Reflexes 
brisker left than right and slightly exag- 
gerated. Abdominals normal. Tone slightly 
increased left leg with slight weakness. Knee 
and ankle jerks markedly exaggerated, much 
more so on left. Left plantar abnormal. 
Oppenheim extensor. 


Not 


(I11.27-29. Offspring of II.9) 


M. Age 33. Occasional dragging legs since 
27. Numbness of feet during 54 years in 
Army. Discharged owing to bronchitis. Seen 
first November, 1948. Cranial nerves, arms 
and trunk normal. Legs, bilateral increased 
tone and weakness dorsiflexion feet. Knee 
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and ankle jerks markedly exaggerated. 
Bilateral extensor plantars. Bilateral charac- 
teristic foot deformity. No ataxia. Seen 
again July, 1949. Signs and symptoms un- 
changed but left disc margin blurred and 
vessels humped. (This appearance, though of 
doubtful significance, was not present on 
previous examination.) Admitted Dudley 
Road Hospital, Birmingham, April, 1948, 
and extensively investigated, the only abnor- 
mality being a histamine-fast achlorhydria. 


111.28 M. Died 1937, aged 23, of ‘* meningitis ”’. 
Obscure multiple contractures of hamstrings, 
adductors of thighs, and gastrocnemii since 
early infancy. Treated orthopedically with 
varying success, all contractures repeatedly 
recurring during growth. No full neuro- 
logical examination available, but marked 
spasticity noted and diagnosed as “* spastic 
diplegia of obscure origin ”’. 


111.29 M. Age 28. Quite fit ; no abnormal signs. 


(111.30—32. Offspring of 11.10) 


111.30 F. Age 36. No complaints. The only 
abnormality on physical examination was so 
gross an exaggeration of all tendon reflexes 
as to render her highly suspicious of being a 
subject of early disease. 


111.31 M. Age 29. No complaints ; no abnormal 
signs. 

111.32 M. Not examined but considered by 
_brother to be normal. 

111.33 M. Age 31. Son of II.11. No subjective 
complaints. Cranial nerves, arms, abdomen 
normal. Slight hypertonia, legs. Marked 
exaggeration knee and ankle jerks with 
sustained ankle clonus. Right plantar 
abnormal. Characteristic foot deformity 
bilateral. 


111.34 M. Son of If.12. Not traced. 


(111.35-36. Offspring of II.13) 
111.35 M. Age 23. Illness diagnosed as polio- 


(G 272482) myelitis aged 2. Slight limp left leg since, 


but served in Royal Marines during 1939-45 
war. Cranial nerves and arms normal except 
for very brisk reflexes. Trunk normal. Slight 
wasting both thighs with weakness quadri- 
ceps. Right knee jerk weak, others normal. 
Bilateral ordinary pes cavus. (These signs 
presumed to be sequele of poliomyelitis.) 


111.36 F. Age 21. No complaints. Normal 


(G 273040) examination except very brisk knee and ankle 


reflexes with ankle clonus. (Not sufficient 
evidence to consider affected.) 


Generation IV (26 members) 
IV.1 F. Daughter of III.1. Age 21. Normal. 


(IV.2 and 3. Offspring of III.3) 


IV.2 M. On active service. Said by father to be 
normal. 


IV.3. F. Age 18. Said to walk like her father. 
Right ankle gives way. Gross obesity since 
childhood. Frequency of micturition and 
polyuria. Chronic bronchitis. Obesity of 
pituitary type. No abnormality in central 
nervous system apart from weakness dorsi- 
flexion right ankle. (History suspicious, 
but signs insufficient to include among early 
cases.) 


IV.4 and IV.5 Son and daughter of III.4. Both 
grossly obese and well-known in_ their 
district as ‘freaks’. Not seen, but no 
suggestion of disease. 


1V.6  F. Age 123. Daughter of III.6. No abnor- 
mality in central nervous system. Signs in 
heart suggest patent inter-ventricular septum. 


(IV.7 and 8. Offspring of III.10) 


IV.7. M. Age 63. Tendency to waddle since 3, 
the only abnormality on examination being 
pes planus. 


IV.8 F. Age 3. Walked early and said to be 
** double-jointed ”. Examination revealed no 
abnormality except for occasional extensor 
element to left plantar—probably voluntary. 


(IV.9 and 10. Offspring of III.14) 


I1V.9  F. Age 17. No abnormality in central 
nervous system. Loud and harsh systolic 
murmur over the whole precordium— 
possible septal defect. 


IV.10 M. Age 8. Normal. 


IV.11 FF. Age 14. Daughter of III.15. Lobar 
pneumonia with meningism at age 4. 
Complete recovery. Some stiffness following 
exertion recently. Cranial nerves and arms 
normal except for exaggerated supinator 
jerks. Left abdominal reflexes very weak. 
Left foot smaller than right. Both knee and 
ankle jerks exaggerated. Left plantar ab- 
normal. Oppenheim extensor. 


IV.12 and IV.13. M. and F. Children of III.16. 
Both quite normal. 

IV.14 M. Son of III.17. Not seen. Said by 
uncles to be normal. 


IV.15 and IV.16 M. and F. Children of IIL.23 
and III.24 respectively. Lived too far away 
to be examined, but said to be normal. 


(IV.17 and 18. Offspring of III.27) 
IV.17. M. Age 9. Well to March, 1948, when lost 


(G 265268) sight of left eye suddenly. Seen at Birming- 


ham Eye Hospital. Had papilloedema left 
disc, and no perception of light. Right eye 
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and field normal. All relevant investigations 
negative. Gradual recovery of sight and 
regression of papilledema, with appearance 
of pallor of disc. Seen personally Nov., 
1948. No abnormal signs except pallor left 
disc. Va., left 6/24, right 6/9. Seen again 
July, 1949, left disc now showing definite 
optic atrophy and right possibly paler than 
normal. Va., left 6/24, right 6/9. Fields : not 
very reliable subject but only slight indrawing 
of all isopters, a little more marked in left 
lower nasal field. Colour vision impaired 
centrally but no true scotoma detected. 


M. Age 23. Late walking. Drags feet and 
trips easily. Never straightens right knee. 
Wears out toes of shoes. Said to be normal 
mentally. Examination very unsatisfactory 
when first seen (Oct., 1948), but reviewed 
July, 1949 (age 3), when condition had 
progressed to bilateral foot-drop, and 
uncontrollable shaking of limbs when riding 
tricycle. Cranial nerves normal. Slight 
hypertonia arms. Commencing contracture 
gastrocnemii producing limitation dorsi- 
flexion feet. Hamstring contracture also 
developing. Tone increased, left more than 
right. Gross exaggeration of reflexes, left 
more than right, with bilateral ankle clonus. 
Left plantar extensor. 


(IV.19-21. Offspring of IIT.30) 
M. Died in infancy. Cause unknown. 
M. Age 9. Normal. 


M. Age 7. Sudden inability to see black- 
board on day before examination. No definite 
abnormality in central nervous system apart 
from fundi. Could not read largest type. 
Bilateral myopia. Both discs pale. Both disc 
margins very blurred and vessels humped as 
they enter disc. Re-examined in total darkness 
with same impression. Reviewed five months 
later. Refractive error corrected with some 
improvement in acuity. R. 6/12 L. 6/36. 
Right disc now clearly seen. Left disc still 
very blurred and vessels humped at edges. 
Too young to co-operate in examination of 
fields. 


(IV.22-24. Offspring of III.31) 
F. Age 10. No abnormalities. 


F. Age 23. No definite abnormality on 
examination except for plantar reflexes which 
gave consistently extensor responses. (This 
was so definite that considered possibly 
incipient disease.) 


F. Age 10 months. Reflexes all very brisk, 
otherwise normal. 


(1V.25 and 26. Offspring of II1.35) 


IV.25. M. Age 4. Normal. 
IV.26 M. Age 5 months. No abnormality on 
limited examination. 
Analysis of Clinical Data 
This family illustrates how widespread the 


disease may be throughout its various members. 
Of the 76 individuals who make up the three 
generations, 27 were affected either in major or 
minor degree, the fully-developed syndrome being 
present in 18, and possibly in one other who had 
died, while incipient disease was present in 7, and 
possibly in two others. Ocular defects alone were 
found in two. 

Nine of the fourteen members of Generation II 
were affected, eight known to have shown the 
fully-developed syndrome. In Generation III (36 
members), eight of the thirteen affected were con- 
sidered to show the complete picture though 
generally in a milder form or stage than their 
forebears. Of the 26 members of the fourth 
generation, one was severely affected; one (and 
possibly one other) had the abortive or early form, 
and two had signs referable to the eyes only. 

The severity of the disease appeared to have 
diminished in successive generations. This may be 
due to a natural tendency for the disease to die out, 
or to be referable only to the earlier age at which 
the patients were seen, the disease being progressive. 
Nevertheless one of the most severely affected 
patients was IV.18, 3 years old when examined, 
while III.28 was severely affected from the first 
menth of life. 

The character of the disease remained constant 
in Generations JI and III, but the appearance of 
retrobulbar neuritis with papilledema in the 
fourth generation may indicate an alteration in the 
maximal, or perhaps the first, site of affection. It 
will be valuable to follow these children through 
their early adult life to detect the early stages of any 
neurological disease which may later develop. 

The age at which the disease was discovered was 
earlier in each successive generation. It is not 
justifiable, however, to draw from this any con- 
clusions regarding the age of onset, for in Genera- 
tions IIl and IV knowledge that their family bore 
an affliction prompted earlier recognition of 
symptoms. Yet even so, the knowledge that the 


disease progresses, and its discovery in minor form 
in symptomless subjects, does suggest that in most 
of the established cases the onset of symptoms came 
considerably later than the first objective evidence 
of the disease, had the latter been sought. 

In Generation II the average age of onset of 
symptoms was 45, with limits 36 and 56. In 
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Generation III so few gave any clear history of 
onset of symptoms that little reliability could be 
attached to any attempt to find a mean age. Three 
members however recognized symptoms at ages 
between 25 and 30 and the average age at which the 
affected members of this generation were discovered 
was 34, with limits 23 and 44. (This is omitting 
III.28 who was affected from infancy.) The two 
children of Generation IV who were affected with 
the same syndrome as their relatives were aged 
14 and 3 respectively, while the two boys with 
ocular changes were 9 and 6 respectively. 

Eighteen males and eight females were affected, 
there being 48 male and 28 female members in the 
three generations, which figures show only a slightly 
greater tendency for the male sex to be affected. 
It is apparent that the disease can be transmitted 
through either sex, and in one instance only was it 
found in the offspring of a clinically normal parent. 
This may apply also to another branch of the family 
in which the father, now dead, was not examined, 
but was reputed to be normal. The finding of so 
many who had objective evidence of disease unsus- 
pected by themselves or their relatives led one, 
however, to view such assertions of normality with 
suspicion. 


Symptomatology.—The symptomatology of the 
disease was in many cases masked by associated 
conditions some of which may well have been 
secondary effects of the basic disorder. Chronic 
arthritis of the knees was, for instance, the main 
complaint of four of Generation II, was present to a 
marked degree in another member, and pain around 
the knees and crepitus on movement were frequent 
findings. It is not difficult to understand how 
repeated minor (and major) traumata which affect 
the joints of a spastic limb may result in a traumatic 
osteo-arthritis, such as was so marked in II.5 that 
the underlying spasticity was originally completely 
unsuspected. Otherwise however the main symp- 
toms were stiffness, especially on climbing stairs ; 
dragging the feet; tripping over the pavement ; 
giving way at the ankles; uncontrollable shaking 
when weight is placed on the feet ; flexing and jum- 
ping of the legs at night; heaviness of the feet ; 
and contractures. The term “ unsteadiness ’’ was 
used by three patients, each of whom said this was 
only on going downhill, and as no demonstrable 
ataxia was present, either in gait or in tests of co- 
ordination, it seems possible that the retardation of 
movement in the spastic limb was responsible for 
this symptom. Five patients complained of numb- 
ness in the legs, but in no case was any superficial 
sensory loss discovered. Weakness was complained 
of by one patient only. Sudden inability to see the 


blackboard at school was the complaint of the two 
children with ocular disturbances. In the younger 
the presence of a myopia made this of doubtful 
significance, but the elder developed a large central 
scotoma which gradually cleared. 


Abnormal Signs.—These have already been men- 
tioned under the heading “‘ criteria for diagnosis ” 
and will not be repeated in detail here. Spasticity, 
grossly exaggerated reflexes, abnormal plantar 
responses, and, in eight cases, the characteristic foot 
deformity mentioned above, were the main abnor- 
malities, while vibration sense was defective in the 
legs in seven cases and contractures were present in 
five. ‘Weakness was found in seven cases only, and 
in some of the most severely spastic limbs remark- 
ably good power was maintained. The abdominal 
reflexes were weak or absent in six cases, while the 
arms were affected in 13. In 13 of the cases who 
were personally examined, there was a predominance 
of affection to one side or the other. It is inter- 
esting to note that this was the left side in 11 of these 
13 cases, and in two of these the picture was that of 
a left hemiplegia, the right side being almost com- 
pletely normal. Similarly it was noted that in the 
five patients in whom ophthalmoscopic abnor- 
malities were recorded, the left eye was affected 
in each case. Euphoria was a feature of several of 
the affected individuals and in four cases was quite 
an outstanding sign. 

The only cranial nerve abnormalities were 
referable to the eyes. The most definite and 
dramatic sign was found in IV.17, who, seen four 
days after a sudden loss of vision of the left eye, was 
shown to have a mild papilloedema, with no percep- 
tion of light and only a sluggish pupil reaction. 
Three weeks later he could count fingers, and two 
months later vision was 6/24, the cedema had 
cleared, being replaced by a definite pallor. Sixteen 
months after the onset visual acuity was R.6/9, 
L.6/24, the right disc was slightly pale and the left 
showed definite optic atrophy. Perimetry showed a 
slight depression of the peripheral fields to 1-3 /330, 
a little more marked in the lower nasal quadrant. 
A consecutive atrophy with diminished acuity could 
account for these slight changes, and no scotoma 
was demonstrated, though colour vision was 
defective. The boy was a poor subject for scoto- 
metry, and the fields cannot be considered com- 
pletely reliable. Case IV.21 was seen the day after 
he complained of inability to see the blackboard, 
and had a definite myopia with pallor of the discs, 
but the edges of the discs were very blurred, and 
the vessels were humped as they entered. Five 
months later vision was improved slightly with 
spectacles, and the right disc was clearly seen. The 
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left was still very blurred and the vessels appeared 
to be humped. Two other patients showed blurring 
of the discs on the left side, which in one patient 
personally examined twice at ten months’ interval 
was not present on the first occasion. In neither 
case was there definite visual impairment, and they 
were not diagnosed as retrobulbar neuritis. It 
is interesting however that these two were the 
father and the grandfather of the definite case of 
retrobulbar neuritis ([V.17). 


Associated Abnormalities.—Arthritis of the knees 
was severe in five cases, four of these being in 
Generation II. Case II.5 was so severely affected 
that the underlying neurological condition had 
been effectively masked. A milder degree of 
arthritis was present in many of Generation III. 

Obesity of severe enough degree to be disabling 
was present in eight patients. Case II.1 was said 
to be very obese, but the most gross examples 
of obesity appeared in those members of the fourth 


generation having II.1 asa common ancestor. Cases * 


IV.4 and 5 were well-known in their own area as 
** freaks’ because of their enormous size, and 
1V.3, older, but similar in appearance, had, in 
addition, increased frequency of micturition and 
polyuria. None complained of any menstrual 
disturbances. 

Chronic bronchitis was widespread throughout 
the families descending from II.1, and occurred not 
infrequently in other members. Tuberculosis was 
contracted by four individuals, two of whom, and 
possibly a third, died of the condition. 

Congenital heart disease was known to be the 
cause of death of III.21, and the clinical diagnosis of 
a patent interventricular septum was made in IV.6 
and IV.9. Many babies had died shortly after 
birth from causes in most cases unknown: it is 
possible that some of these may have had con- 
genital abnormalities, but there were no others 
discovered in the patients examined, except for 
crooking of the little finger. This was observed in 
several instances, but unfortunately no precise note 
of this was made, and the frequency is uncertain. 
A similar deformity is mentioned by Bell and 
Carmichael (1939), 


Laboratory Investigations.—The whole of this 
review was carried out at an out-patient clinic and 
C.S.F. findings are known in two cases only, namely 
11.9 and his son, ItI.27. These were normal. 
Wassermann tests were done on seven affected 
patients and were all negative. 


Course.—One patient only (II.9) was observed 
for more than a year, and one has to judge from the 
history and relatives’ reports as to the progress of 
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the disease. In general the impression was gained 
that those who became affected after adult life with 
the fully-developed syndrome reached a maximum 
disability gradually over the ten-year period follow- 
ing the onset, after which the condition remained 
stationary or progressed only very slowly, and in 
several patients was an annoyance rather than a 
very grave disability. In not one case could death 
have been attributed to the disease. Onset of the 
disease in childhood or during the period of growth 
was more serious, for the contractures which 
tended to develop needed frequent correction and 
usually recurred. Those who had developed to an 
advanced stage showed a remarkable similarity of 
clinical picture, a similarity that was enhanced by 
the striking facial resemblance between many mem- 
bers of the family. It was interesting that III.29, 
coming to the clinic, by coincidence, on the same 
afternoon as II.8, his uncle, recognized him immedi- 
ately from his resemblance in appearance, posture 
and gait to his own father (11.9), despite the fact 
that I1.8 had left for India before III.29 was born, 
and the latter had no idea that he had ever returned 
to this country. 


Discussion 


In the last 100 years the heredo-familial diseases 
of the nervous system have been the subject of much 
interest and a steadily growing volume of literature. 
The comparative rarity of widely affected families, 
the sparsity of necropsy material, the ignorance as 
to etiology, and the remarkable variety of the 
syndromes described, has led to much theorizing 
as to their fundamental nature and their possible 
inter-relationship. Opinions on the latter can be 
grouped in general into three: the two extremes 
who consider (a) that each syndrome is a separate 
genetic entity, a view held now by only very few ; 
or (b) that all the syndromes are but different 
manifestations of the same process, the features 
being determined by the particular part of the 
nervous system affected. The third class of opinion 
includes those who feel that the majority of the 
ataxias are variations of the same process, while 
some of the other heredo-familial disorders, includ- 
ing hereditary spastic paraplegia, are separate 
entities. Bell and Carmichael (1939), for instance, 
consider Friedreich’s ataxia and the spastic ataxias 
due to the same gene under the influence of modi- 
fiers, but are less certain about hereditary spastic 
paraplegia. Calculations regarding the sex, distri- 
bution, average total duration of illness, and age at 
death provided evidence in favour of genetic inter- 
relationship, but clinically they were unable to find 


records of spastic paraplegia occurring in the same 
stock as the ataxias. 
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Haldane (1941 a and 5) and Sjogren (1943) differ 
as to whether the three have a common genetic basis 
or whether the ataxias must be separated into 
different genotypes. 

From the purely clinical point of view, the 
strongest evidence for associating the various 
heredo-familial disorders is the existence of two or 
more different varieties in the same family, and of 
transition forms between two different varieties in 
the same individual. Friedreich’s ataxia, and the 

‘clinically very different spastic ataxias, present little 
difficulty in this respect, and Bell and Carmichael 
(1939) were able to find 32 families in which both 
types of disease occurred. Roth (1948) recently 
has described two families in which association is 
suggested between Friedreich’s ataxia and Charcot- 
Marie-Tooth’s disease in one, and between these 
two and Marie’s ataxia in the other. In his paper 
published work is mentioned associating (a) Fried- 
reich’s ataxia, spastic ataxia, and spastic paraplegia ; 
(6) Friedreich’s ataxia and Charcot-Marie-Tooth’s 
disease ; (c) Friedreich’s ataxia and the myopathies ; 
(d) Friedreich’s ataxia and a form of optic atrophy 
clinically similar to that described by Leber; and 
(e) neurological disorders and other congenital 
abnormalities. To this we can add the family of 
Philip (1886) in which occurred both myopathy and 
spastic paraplegia, and the views expressed by Rhein 
(1916) that transition forms exist between the pure 
spastic paraplegias and those with ataxia or mus- 
cular atrophy, and by Deléarde and Minet (1908) 
that all forms exist between hereditary spastic para- 
plegia, familial amyotrophic lateral sclerosis, familial 
cerebral diplegia, and familial disseminated sclerosis. 

It has already been mentioned that any record of 
overlap in the same stock between the ataxias and 
the pure spastic paraplegia is difficult to find. Ballet 
and Rose (1905) and Raymond and Rose (1909) 
considered their cases, however, to show transition 
from the spastic ataxias to hereditary spastic 
paraplegia, and Bell and Carmichael (1939) suggest 
that a careful search among the siblings of spastic 
paraplegics might uncover signs of ataxia in some. 
It was notable in this family that this did not occur. 
Cases of minor or minimal disease were discovered, 
but the clinical picture in each case was that of the 
fully-developed disease at an earlier stage, or of 
lesser severity, and in two cases only was a very 
slight and most dubious ataxia recorded. One of 
these was not examined personally, and both were 
severely involved in the fully-developed spastic 
process and had some difficulty in executing the 
tests for co-ordination. No further direct evidence 
can be deduced from this study of association 
between the hereditary ataxias and _ hereditary 
spastic paraplegia. 
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It is interesting to note that II.9 was at one time 
considered to be an example of amyotrophic lateral 
sclerosis. He had wasting of the thigh of one leg, 
and of the thenar eminences, and had weakness of 
the right hand and of both legs, with spastic para- 
plegia. One can go no further, on the evidence of 
one isolated example, than to suggest that the 
process affecting this family and producing typical 
examples of hereditary spastic paraplegia, may also 
be the cause of this local muscle wasting. 

The picture of a cerebral diplegia, occurring at, 
or immediately after birth, was produced in one 
member of the family, and this suggests that families 
afflicted early enough with the manifestations of 
this disease could show the picture of familial 
cerebral diplegia, without having to indict some 
other specific process. 

The occurrence of retrobulbar neuritis pro- 
gressing to atrophy in this family forces one further 
to consider possible connexions between hereditary 
spastic paraplegia and Leber’s optic atrophy, or 
even disseminated sclerosis. Johnson Taylor (1892), 
Behr (1909), Takashima (1913), Imamura and 
Ichikawa (1919), and Ferguson and Critchley (1928), 
have all reported the heredo-familial occurrence of 
optic atrophy, often bilateral, with dense central or 
centro-cecal scotomata, following in some cases a 
known swelling of the discs and associated with 
signs elsewhere in the nervous system, including 
pyramidal signs and ataxia, and Behr considered his 
cases a transition between Leber’s disease and 
Striimpell’s on the one hand, and the heredo- 
ataxias on the other (a view which would be disputed 
by those who consider Leber’s optic atrophy a 
disease essentially and specifically confined to the 
optic nerves). Though the optic discs in [V.17 had 
developed a definite optic atrophy following the 
initial papilleedema, yet the good return of vision, 
and the absence of any gross field defect are points 
very much against this being an example of Leber’s 
disease. Is it, rather, the early stage of disseminated 
sclerosis? If this child were to develop pyramidal 
signs later in life, the previous history of retro- 
bulbar neuritis would almost inevitably lead to a 
diagnosis of disseminated sclerosis. It might be 
emphasized here that euphoria was a marked sign 
in several of the severely affected cases. 

Though this association of papilloedema and 
hereditary spastic paraplegia is extremely rare, it 
has been noted previously. Bremer (1922) des- 
cribed two families with hereditary spastic paraplegia, 
in the second of which two members had optic 
atrophy and one a swelling of the disc. Kastan 
(1945) in a paper concerning a family showing 
spastic paraplegia, Pelizeus-Merzbacher disease and 
leucodystrophy in different members. mentioned 
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one child who was seen to have blurred discs in 
1939 and optic atrophy in 1940. 

André-van Leeuwen and van Bogaert (1949) have 
recently discussed the question of the association of 
what they term the “‘ retrobulbar neuritis’ type of 
optic atrophy with the hereditary ataxias. Their 
differentiation from other types rests on the presence 
of central, centrocecal or paracentral scotomata. 
They ask whether this type “is really as rare in 
hereditary ataxia as it seems at first sight to be’’. 
It appears from their review that if careful visual 
field examinations were made in all cases of optic 
atrophy in hereditary disorders of the nervous 
system, this type might not infrequently be demon- 
strated, and from the family under consideration now, 
it appears probable that many of these, if seen early 
enough, might show oedema of the nerve head, its 
presence possibly being controlled by the anatomical 
relationship of the lesion to the disc. 

The fundamental cause of the chromosomal 
modification which is responsible for the explosive 
appearance of the condition in one generation 
remains unknown. If we are to ignore the very 
dubious story of affection of a member of Generation 
I, we must consider Generation II as being the first 
to show evidence of what becomes a dominant 
genetic characteristic. Consanguinity was unknown 
in the family. Alcoholism has often been indicted 
by the earlier writers, and though it is known that 
Generation II, as children, were reared under the 
worst social conditions, and that their father was 
“fond of the bottle’ no gross degree of alcohol 
addiction is suggested. There has been no evidence 
of syphilitic disease in any member. 

To the mathematician and geneticist, families 
such as this form an interesting study from which 
careful search may provide a wealth of material, 
but even here, where it has been possible to examine 
sO many members, figures are bound to be unreliable, 
for if so many who are reputed to be normal can be 
found to be affected, assurances as to normality of 
deceased relatives are bound to be open to question 
Nor can we know how many of those children who 
died in infancy would have developed signs of the 
disease in later life. Their observations may, 
however, be of great assistance to the clinician who 
is faced with the patient’s anxiety regarding the 
danger of transmission of the disease, or of the 
disease developing in unaffected members at a later 
date. Statistics suggest that the age of onset of 


these conditions is within fairly narrow limits for a 
particular sibship, and older members, if unaffected, 
may consider their outlook more favourable. A 
completely confident answer cannot however be 
given, and this family illustrates the presence of 
definite signs of the disease in apparently unaffected 
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members who are past the average age of onset. 
Whether these are early cases of a progressive 
disease, or abortive cases which will progress no 
further, can only be decided by long-term observa- 
tion, but their presence demonstrates how important 
it is in investigating such a family, to examine such 
patients in detail, and not merely to rely on relatives’ 
statements. 

Can the appearance of retrobulbar neuritis and 
optic atrophy in the fourth generation be purely 
coincidental ? It is difficult to believe this, when we 
know optic atrophy to be so characteristic a feature 
of many of the hereditary disorders of the nervous 
system. Whether it indicates a change in character 
of the disease itself, or merely of the site of maximal 
(or earliest) affection, cannot be determined until 
the progress of these children has been watched for 
many years. It appears however that the same 
process, possibly altered by modifying genes or by 
environment, is capable of producing a series of 
closely related clinical syndromes, varying mainly 
in the site of maximal affection. Some show 
evidence of familial amyotrophic lateral sclerosis ; 
some of familial diplegia ; some appear to be the 
earliest stage of disseminated sclerosis; and the 
remainder are typical of the hereditary spastic 
paraplegia. Extending this hypothesis beyond the 
affections of the pyramidal tracts—and the posterior 
columns were affected in several of this present 
family—it is not difficult to imagine an infinite 
variety of ataxias, paraplegias, and amyotrophies, 
grouped together on a closely related genetic 
basis, and in this way to simplify the confusion 
of syndromes which at present overburdens 
the literature. 


Summary 


A family is described in detail in which hereditary 
spastic paraplegia is unusually widespread through- 
out three generations. 

Careful search among apparently normal members 
of the family has uncovered several examples of 
early or abortive disease. 

Eighteen individuals have been affected with the 
fully-developed syndrome, while seven have shown 
signs of incipient disease. 

One child had a retrobulbar neuritis with 
papilleedema which progressed to optic atrophy, 
leaving diminished visual acuity, but practically 
normal visual fields. One other child is probably 
affected in the same manner and two adults have 
been suspected of having swollen optic discs. 

Some members showed a picture similar to 
cerebral diplegia, and in one case to amyotrophic 
lateral sclerosis. 
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It is suggested that this family gives further 
support to the view that the heredo-familial disorders 
of the nervous system are inter-related. 


Without the ready co-operation of the members of 
the F. family this work would not have been possible. 
I wish also to acknowledge the assistance given by 
Mr. G. M. Barling, late of the Birmingham Eye Hospital ; 
Mr. M. James, of the Royal Cripples Hospital, and 
Dr. H. M. D. Shepherd, of Dudley Road Hospital, who 
supplied details of the patients who had passed through 
their hands. 

In particular my gratitude is due to Professor P. C. P. 
Cloake, who first drew my attention to this family, 
in whose clinic all the patients were seen, and who has 
given encouragement throughout, and to Dr. E. Arnold 
Carmichael and Dr. Julia Bell, whose criticism was 
invaluable. 
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METHODS OF IMPREGNATING NEUROFIBRILLAR SUBSTANCE ON 
SLIDES AFTER IMBEDDING 


BY 


PETER MIHALIK 


From the Department of Anatomy, University of the Witwatersrand, Johannesburg 


This paper describes three new methods for 
impregnating neurofibrillar substance in sections 
prepared from imbedded material and then mounted 
on slides. The first two methods are simpler than 
any previous slide methods for, after the silver 
bath, the usual reduction is left out and the silver 
is replaced directly by gold. All these methods 
can be modified to some extent for selective im- 
pregnation of connective tissue fibres (Fig. 4) simply 
by adding two drops of concentrated ammonia per 
100 ml. to the colloidal silver bath, but a discussion 
of the impregnation of the connective tissue fibres 
is not included in this paper. 


I. Direct Albumen (Silver-Gold) Method 


By using 0-2 to 0:5% egg albumen and 2% silver 
nitrate in aqueous solution (a colloidal silver 
bath) it is possible to impregnate the neuro- 
fibrillar substance of the central nervous system on 
slides of imbedded and sectioned materials fixed in a 
variety of ways. The slides are kept in the silver 
colloid bath for five days at 37° C. or for eight days 
at room temperature, then gilded for 10 minutes 
by dropping 0-2% aqueous gold chloride solution 
onto the slides, and subsequently reduced in a 0:2% 
aqueous oxalic acid solution for an_ hour. 
Between the steps of the technique, especially 
between the silver colloid and gold, the slides have 
to be well washed with distilled water. 


This method is extremely simple : over- or under- 
impregnation or reduction is impossible; the 
results are selective, free of precipitate, and constant; 
it works even after decalcification of the material 
to be impregnated by trichloro-acetic acid. 

Fixation.—Fix in 10% chloral hydrate, according to 
Cajal, for 24 hours. Wash quickly in distilled water, 
and then immerse in 96% or absolute alcohol with 
8 drops of concentrated ammonia per 100 ml. for 


another day. Then dehydrate in absolute alcohol and 
imbed. 
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Fix in Heidenhain’s *“‘ Susa’’ mixture for 24 hours. 
Wash in several changes of 80% alcohol, then in 90% 
and absolute alcohol, etc. 

Decalcification in 5% trichloro-acetic acid solution 
for as long as a fortnight directly after fixation alters 
but little the affinity of the neurofibrillar substance 
for the colloidal silver and gold. For example, excel'ent 
impregnation was obtained in the brain and spinal cord 
of a guinea-pig when these parts were left in situ with 
the vertebral column and skull opened and the whole 
decalcified in a 5% trichloro-acetic acid bath for 14 days 
(Figs. 2, 3, 4). 

Fixation by perfusion is always superior, especially in 
the central nervous system where the lipoids hinder the 
penetration of the fixatives to a greater extent than 
elsewhere. Perfusion is not essential, however, if the 
block of tissue is not thicker than 4 mm. Perfusion with 
**Susa’”’ should be preceded by immersion in some 
physiological salt solution, because ‘‘Susa”’ clots the 
blood more rapidly than the other two fixatives, and so 
blocks the vessels more easily. 

Several other fixatives have been tried, but they are 
not as good as the three already described. Formol 
alone, or fixatives containing chromates or osmic acid, 
are inapplicable. 


Imbedding.—Imbedding can be done in paraffin or in 
celloidin paraffin (parlodion). The latter is superior, 
because shrinkage is less. 


Cutting—For neurofibrillary structures in the cell 
(perikaryon) the sections should be from 4 to 6 y, for 
fibres and synapses from 7 to 12 u or even up to 25 u 
if so desired. 

The slides are coated with (Mayer’s) glycerin-albumen 
and dried in a flame in the usual way. This film is 
important, not only to prevent detachment of the 
thicker sections, but it also insulates, eliminating the 
chemical effect and possible electrical charge of the glass 
which may interfere with impregnation. The sodium 
salicylate or the thymol content of glycerin-albumen 
solution does not alter the impregnation. 

It may be noted that good results have been obtained 
on high quality glass slides after mounting with distilled 
water alone with thin sections (below 6 u) which are less 
liable to become detached. 


Photomicrographs of impregnated sections do not reproduce all the finer details of the sections (e.g. neurofibrils 


in the perikaryon, etc.). 


This deficiency is particularly evident in these plates because the sections have a 


reddish violet tone which does not contrast well with the grey-black of the finer fibres or neurofibrils especially 


when 15 sections are photographed. 


All the sections were made from parlodion-paraffin imbedded materials. 
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PLATE I 


Fic. 1.—Motor cells from the spinal cord of an adult rabbit. Fixed in ammoniacal alcohol (5 2). 
Impregnation in an 0:2% albumen + 2% AgNO, bath five days at 37°C. Direct albumen 
method. (x 620.) 

FiG. 2.—Motor cell from the spinal cord of a young guinea-pig (7 w). Fixed and decalcified as 
in Fig.5. Impregnation in an 0:2% albumen + 2°% AgNO, bath for five days at 37°C. Direct 
albumen method. (x 800.) 

Fic. 3.—Trigeminal nerve near to the ganglion. Material, etc., as in Fig. 2. (x 250.) 

Fic. 4.—Pyramidal cells, motor cortex. Material, etc., as in Fig. 3. (x 330.) 








> 


+ 


é * * 
>, r 4 
i Ae, ‘. * oe : 
PLATE II 


Fic. 5.—Posterior root of a spinal nerve of a young guinea-pig. Fixed in ‘‘Susa” in situ together 
with the vertebral column. Decalcified 14 days in 5% trichloro-acetic acid (7u) and impreg- 
nated by direct albumen method. Only the connective tissue fibres are impregnated because 
of the NH, content of the bath. (x 450.) 


Fic. 6.—Neurocytes from the anterior horn of the spinal cord of an adult cat. Fixed in a 10% 
chloral hydrate by transfusion, followed with ammoniacal alcoholic treatment (15 ~) and impreg- 
nated by direct albumen method. (x 140.) 


Fics. 7 and 8.—End clubs on neurocytes from the spinal cord of an adult cat. Fixation the same 
as in Fig. 6 (12 uw). Impregnated by direct albumen method. (x 620.) 
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PLATE Ill 


Fic. 9.—Degenerating myelinated ascending fibres (above white line) in the cuneate fascicle of the 
spinal cord of an adult cat, at the level of C,. Fixed three days after removal of the right 
second spinal ganglion. Impregnation as in Fig. 2. (x 53.) 


Fic. 10.—Single degenerating myelinated fibre (above A) in the grey matter of the spinal cord of 
a cat, near to the level of C,. Fixing and impregnation as in Fig. 9. (x 650.) 

Fic. 11.—Impregnation etc. as in Fig. 7 except that the albumen of the bath was taken from 

a 5% albumen stock solution preserved with thymol which was several months old. (x 850.) 

Fic. 12.—Impregnation etc. as in Fig. 7 except the composition of the bath which was 0°2% albumin + 

% AgNOs. Only fine, unmyelinated fibres, collaterals and end clubs impregnated. (x 650). 

Fic. 13.—Miultipolar nerve cells from the spinal cord of the same guinea-pig as Fig. 5. 


( Fixation, 
decalcification the same as in Fig. 5 (7 1). Direct protargol method. (x 100.) 
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Slides are passed through benzene or xylene, and then, 
if celloidin-paraffin imbedding was used, through an 
ether-alcohol mixture to dissolve all traces of celloidin 
which would otherwise hinder impregnation, then through 
absolute alcohol, 95%, and 70% alcohols into distilled 
water. Three changes in 5 to 10 minutes are sufficient, 
but several hours may give slightly clearer results. The 
washed slides are then put into the silver bath. 

After fixing with ** Susa ’’ or other fixatives containing 
mercuric chloride, the slides have to be passed from the 
96% alcohol into iodine-alcohol for the usual time to 
dissolve mercuric chloride, which interferes with impreg- 
nation. The slides are then put into 0-25% sodium 
thiosulphate solution to dissolve the mercuric iodate, 
and finally washed in distilled water, the routine practice 
with fixatives containing mercuric chloride. 


Preparation of the Silver Colloid Bath.—It is advisable 
first to make a fresh 10% albumen stock solution, 
and then make up 100 ml. of 0:2% or 0-5% aqueous 
albumen solution by diluting some of the stock solu- 
tion with the appropriate amount of distilled water. 
Finally crystallized silver nitrate, 2 g., is added to the 
solution and shaken until dissolved. Unless this pro- 
cedure is followed, it is very inconvenient to measure 
the required small (0-2 or 0-5 ml.) quantities of the 
viscous, sticky egg albumen. 

The egg albumen, if kept in glass and covered to avoid 
drying, can be used for making solutions for one to 
two weeks, and if dissolved as a 5% albumen solution 
in distilled water and a thymol crystal added for con- 
servation, it can be used for many months ; it is very 
slightly less efficient than the undissolved fresh egg 
albumen (Fig. 11). 

Dried egg albumen (purissimum) can be used as well as 
fresh egg albumen. The best procedure is to make a 
0-1°% stock solution of the dried product in distilled 
water (equivalent to 1% fresh egg albumen solution) 
and dilute from this for the bath. The dried egg 
albumen dissolves slowly. At room temperature at least 
one day is needed, after which some still remains 
as an undissolved sediment, but this can be neglected. 

The addition of silver nitrate in stock solution (i.e. 
10 ml. of 20% silver nitrate) to the egg albumen 
solution, instead of adding 2 g. of crystallized silver 
nitrate, only works if the solution is freshly made. The 
older the silver nitrate solution, the less the selectivity of 
the impregnation; many days- or weeks-old silver 
nitrate stock solution gives a reddish, unselective stain 
to all tissues, probably because reduction of silver nitrate, 
with consequent nitric acid production, inevitably takes 
place in the solution with the passage of time. 


Concentration of the Bath.—The concentration of 
the albumen or the silver nitrate and the albumen 
AgNO; ratio seem to have no strict limits. 

It is possible to impregnate, more or less satisfactorily, 
with other concentrations within a wide range, if the 
albumen is not lower than 0:02% and the AgNO, is 
not lower than 0-75%. With lower percentages no 
satisfactory impregnation can be obtained with any 
change of the albumen/AgNO, ratio. The upper limit 
of the albumen and AgNO, is not determinable because 


above 0:2% the albumen is already partly precipitated, 
and thus its concentration does not increase in the 
solution; a higher AgNO, concentration than 2% 
does not hinder or markedly improve the impregnation. 
A lower albumen concentration than 0:02% with any 
AgNO, concentration gives a cloud-like diffuseness 
with fine granular impregnation in the neurocytes only 
but without neurofibrils, while the axons are not 
impregnated at all. AgNO, with an albumen factor 
lower than 0:01°% or without albumen usually does not 
impregnate ; the tissues become a light reddish colour 
only. 

If the albumen concentration is constantly set as 
low as possible for impregnation, i.e. 002%, and the 
AgNO, concentration is increased from 0-75% upwards, 
the impregnation is also shifted gradually from the 
perikaryon and dendrites to the finer, and later to the 
unmyelinated axons, till finally in a bath containing 
0:02% albumen and 6% AgNO, only the thin unmye- 
linated collaterals and end clubs are selectively impreg- 
nated and appear almost black, while the thicker fibres 
are not distinct and appear reddish in colour, as do 
other tissues (Fig. 12). Unfortunately this reaction is 
not constant and vacillates as much as the old silver 
methods. 


To sum up, a low AgNOs concentration generally 
impregnates preferentially the neurofibrils of the peri- 
karyon and its dendrites ; a higher AgNO; concentration 
impregnates rather the unmyelinated fibres, collaterals 
and end clubs, in any albumen/AgNO, ratio. Since the 
higher and lower concentrations have disadvantages and 
give only specialized results, and the 0-2% or 0:5% 
albumen with 2% AgNO, formula gives usually the best 
average results, it is suggested for general work. 


Colour and Photosensitivity of the Bath.—The fresh 
silver colloid bath, containing 0-2% albumen with 2% 
AgNO, has a slight whitish-opalescent colour. It is 
photosensitive. If exposed for longer than a few 
minutes to direct sunlight or for a few hours to the 
daylight in a room, the bath turns a red-brown rusty 
colour (partly reduced silver colloid). This change should 
be prevented by placing the bath containing slides in the 
thermostat (incubator), or in a dark box if room tempera- 
ture is preferred, because the partially reduced bath does 
not impregnate. For the same reason the bath must 
always be freshly made up. 


Temperature of the Bath—The temperature of the 
bath should be 37°C. or less and certainly not above 
38° or 39° C. Above 40° C. the selectivity of the impreg- 
nation is perceptibly diminished, while above 45° C. 
the axons are not impregnated, but other tissues, as 
well as the neurokeratin and other elements of the 
myelin sheaths, are impregnated. Room temperature 
seems to be better than any temperature above 37° C. 


Length of Impregnation.—The time required for 


impregnating is a function of the temperature. At 37° C. 
it is five days, and though good results can be obtained 
after three days or less, the results after five days are 
always superior. At room temperature eight days is the 
best impregnating period. After these periods the colour 
of the bath is rusty-brown. 
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Gilding.—After impregnation in the bath the sections 
must be thoroughly washed with distilled water, for 
the albumen in the bath often hinders the effect of the 
gold. Then 3 to 6 drops of a 0:25% gold chloride 
(yellow or brown) solution are dropped onto the hori- 
zontally placed slide, which is kept covered for 10 
minutes. Gilding for seven minutes is certainly better 
than for three or five minutes, but a longer period than 
10 minutes does not improve the results. 


Reduction.—First wash off the gold by pouring dis- 
tilled water on the slides for a few seconds, though pro- 
longed washing even for a day does not alter the effect. 
Then the slides are placed for an hour in a 0:2% 
aqueous oxalic acid solution which reduces gold. In the 
oxalic acid solution the neurofibrillar substance appears 
within a few minutes. Reduction is usually nearly com- 
plete in seven to ten minutes, but it improves slightly for 
a further 30 to 50 minutes, after which time it is com- 
plete. If the sections are reduced for one day there is 
neither over-reduction nor any improvement. 

The sections are dehydrated, cleared, and mounted in 
the usual way: 


Results of Impregnation.—A fter chloral hydrate fixation 
slight shrinkage occurs because of the subsequent treat- 
ment in ammoniacal alcohol. The neurocytes and their 
dendrites are slightly violet ; both thick and thin axons 
and their coliaterals, including end clubs, are black 
(Figs. 6, 7, 8). Nuclei are somewhat better impregnated 
than after fixation in ammoniacal alcohol. The granular 
disintegrating neurofibrillar substance of the degener- 
ating axons are very strongly impregnated in black. 
The sheaths of the degenerating myelinated fibres are 
not shown. 

After ammoniacal alcoholic fixation the tissues shrink 
markedly. The selectivity of the impregnation is greater. 
Under low power the neurocytes dominate the picture, 
because the neurofibrils of the perikaryon and dendrites 
are better preserved and impregnated than after other 
fixatives. Thick axons are grey, thinner ones are almost 
black (Fig. 1). Nuclei are not impregnated. Degener- 
ating fibres appear the same as with the previous fixative. 
Sheaths of degenerating fibres do not appear. 

After ‘* Susa ”’ fixation the selectivity is less than after 
the previous ones. Neurocytes, dendrites, and thicker 
axons have a lighter, more purple tone (Figs. 2, 3, 4). 
Nuclei are moderately impregnated. Degenerating axons, 
especially in the stage of granular disintegration of the 
neurofibrillar substance (Cajal’s neurobions), are well 
impregnated, being somewhat darker and more violet in 
tone than the normal ones. The sheaths of the degener- 
ated myelinated fibres appear remarkably distinct, 
because the surrounding of the myelin sheath is specifi- 
cally impregnated while those of the non-degenerated 
myelinated fibres are invisible (Figs. 9, 10). 


II. The Direct Protargol (Gold) Method 


This technique differs from the direct albumen method 
only in the composition of the bath, which is a simple 

% protargol solution in distilled water without the 
addition of metallic copper or anything else. The results 
are very nearly the same as those given by the direct 
albumen method (Fig. 13). 


III. Indirect Albumen (Silver-Gold) Method 


This method is in fact only an auxiliary method to be 
used to complete the direct albumen method if sections 
have to be impregnated after other, less satisfactory 
fixatives which do not preserve the argyrophilia of the 
neurofibrillar substance as well as the three fixatives 
already suggested for use with the direct albumen silver 
method. Thus it may be used on sections of imbedded 
and stored blocks which have already been fixed in any 
fixatives excluding plain formalin or any other con- 
taining chromates, chromic or osmic acid, for these are 
entirely unsuitable for any of the three methods. 

The indirect albumen method differs from the direct 
albumen method in the following respects. 

First, the time in the bath is a little shorter. Secondly, 
washing after the bath is short and critical. Thirdly, 
there is the additional step of a reduction of silver before 
gilding. Fourthly, washing the slides after reduction in 
the silver bath has to be done thoroughly. 


Fixation.—Any fixative can be tried except plain 
formalin and those containing chromates, chromic or 
osmic acid. Strongly acid fixatives (over 5% acid) are 
generally less satisfactory. 

The techniques of imbedding, cutting, and preparing 
the silver colloid bath are the same as in the direct 
albumen method. 


Reduction.—Imperfect control of the time of wash 
after the bath is a weak point in this and many other 
methods. If the wash is too long too much silver is 
removed, and the impregnation will not be complete 
enough ; if it is short, precipitate is left in the sections 
which will be patchy because the reducer cannot act 
well where some albumen has remained. Washing from 
10 to 15 seconds with gently running distilled water 
seems to be optimal. Much depends on the fixative, 
however, and therefore sometimes several minutes of 
washing does not dissolve the bound and sensitized 
silver nucleus attached to the neurofibrillar substance. 

The reducer is a sodium sulphite-sodium bisulphite, 
buffered, amidol solution with a pH of 6°5 to 7:5 which 
is the optimum for amidol (Davenport, McArthur, and 
Bruesch, 1939). We found this formula to be very superior 
to any other reducer, e.g., hydroquinone, pyrogallic 
acid, formoi, etc., or their combinations. It is 
made up of five parts of stock aqueous 10% sodium 
sulphite and one part of aqueous 5% sodium bisulphite 
in 1% amidol. The latter has to be made fresh almost 
daily. 

To perform the reduction, the reducing solution is 
dropped onto the slides and reduction is completed after 
30 to 60 seconds. 

Reduction is followed by washing of the slides, first 
with gently-running distilled water, and then in three 
changes of distilled water for one to three minutes. 
Washing has to be more complete than in the direct 
method, otherwise the remaining reducer interferes 
with gilding. 

The techniques for gilding, the reduction of the gold, 
and dehydration, are the same as in the direct albumen 
method. 
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Results of Impregnation.—These are similar to those 
of the direct albumen method, and any very unfavourable 
differences depend on the fixatives used and on bad luck 
during washing. The completeness of impregnation, 
however, never reaches the perfection of the direct 
albumen method. 


Reagents 


I have attempted to make all procedures in this 
study analytically clean, as is important in all 
impregnation methods, and I used analysed reagents, 
including benzene. 

Absolute alcohol made by distillation, not by the 
addition of copper sulphate, has been used, because 
copper is one of the greatest enemies of silver 
impregnation except in Bodian’s method. Alcohols 
of a lower percentage have been made by diluting 
distilled absolute alcohol with distilled water to 
eliminate the dirt which most alcohol acquires from 


its rusty iron containers. Glass-distilled water not 
older than three days was used, as metal-distilled or 
old glass-distilled water sometimes did not give the 
expected results. 

Slides were not allowed to come into contact with 
metal forceps. 


Summary 


Three new methods are described for the impregna- 
tion of neurofibrillar substance in the central nervous 
system in sections prepared from imbedded material 
and then mounted on slides. The first of these, the 
direct albumen method, is considered simpler, more 
constant and uniform than any previous “on 
slide ’’ method described. 
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CASE REPORT: THE MENTAL STATE DURING RECOVERY AFTER 
HEART ARREST DURING ANASSTHESIA 


BY 


HERBERT TURNER 


The literature contains numerous references to 
cases in which arrest of the heart’s action has 
occurred under anesthesia, Bailey (1947), Sappen- 
field and Adriani (1947), and Noble (1947) being 
among the most recent. Most of the papers deal 
with methods of resuscitation, in particular cardiac 
massage, but apart from a report by Howkins, 
McLaughlin, and Daniel (1946) there has been 
little detail given of the mental state of such patients 
during the period of recovery. It is the purpose of 
this communication to describe such a state. 


Case Report 


On May 19, 1947, a healthy young man, aged 29 years, 
was about to undergo the operation of submucous 
resection in a general hospital in London. 


19/5/47: First day 


9.15a.m. Nose packed with 1/1000 adrenalin and 
10°%% cocaine. 

Anesthetic begun (pentothal and cyclo- 
propane). 

2 m. 1/1000 adrenalin injected around the 
nasal septum. 

Sudden arrest of heart and collapse of 
patient. Subcostal incision made on 
left side and cardiac massage carried out. 

The heart began beating again. The 
operation was not proceeded with and 
the patient was returned to the ward. 
During the next 24 hours the heart 
stopped four times and the breathing 
several times. The patient was revived 
by means of artificial respiration and 
the administration of oxygen, carbon 
dioxide, and coramine. 

Return of cough reflex. Knee jerks present. 
Rapid onset of generalized tonic spasm 
of arms and legs. Still unconscious. 
Arms and legs flaccid. Eyes deviated 
upwards and to the right. Breathing 
stertorous. Coma appeared to be 

deepening. 

Coma _ deeper. Respiration laboured. 
Blood pressure, 135/85 mm. Hg. 


10.50 a.m. 
11.00 a.m. 


11.04 a.m. 


11.11 a.m. 


12.45 p.m. 
1.30 p.m. 


3.00 p.m. 


11.00 p.m. 


20/5/47 : Second day 
9.00 a.m. Condition improved. Spontaneous move- 
ments of eyes and all four limbs. Reacts 
to painful stimuli and occasionally to 
the spoken word. 


1.00 p.m. Condition unchanged. Pupils fixed and 
semi-dilated. 

3.00 p.m. Very restless. Answers vaguely to name. 
Pupils fixed and dilated. 

6.00 p.m. Vomited twice. Incontinent of urine and 
of fzeces. 

8.00 p.m. Projectile vomiting. Tendon reflexes 


present and equal. Pupils react to light. 
He recognizes his brother and sister. 
21/5/47 : Third day 

9.00 a.m. Improved. Cooperative. He can answer 
some questions, such as his name, age 
and address, but he does not know 
where he is nor why he is here. He sits 
up in bed and takes fluid by mouth. 

9.00 p.m. Very obstreperous and noisy. 

11.00 p.m. Has torn out two stitches and the wound 
is gaping. He keeps getting out of bed 
and dashing about the ward. 

22/5/47 : Fourth day 


Very aggressive and resistive to treatment. 
Attempts were made to keep him sedated 
by use of soluble phenobarbitone, 
medinal, and morphia. 
23/5/47 : Fifth day 
3.25 p.m. Admitted to a mental observation unit. 
He was quiet on admission but was 
mentally confused. His general physical 
condition was good except that the ten- 
don and plantar reflexes were not 
obtained. He did not know where he 
was. At one moment he told his correct 
occupation, but a few minutes later he 
said he was a sergeant in the Royal Air 
Force.* 
5.00 p.m. Restless, getting out of bed and picking 
at his bandage, which he finally removes, 
but he does not interfere with the 





* The patient had served in the Royal Air Force during the war and 
was Stationed in Northern Ireland for some time. 
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stitches of his wound. He bids the 
doctor good-morning and then says he 
must go back to his hotel, which he says 
is in Belfast, as he is crossing to England 
tonight. He listens quietly and appears 
to understand when he is told that he is 
in hospital and that he must stay in bed, 
but in a few minutes he seems to have 
forgotten this and keeps on trying to get 
out of bed. 

9.30 p.m. He is quiet and more amenable. He thinks 
he has met the doctor before in Ireland, 
which is not so. 

24/5/47 : Sixth day 
He continues to improve. He slept without any 
sedative drug and is quiet and more lucid. He 
remembers vaguely without any details that he had 
been in hospital for an operation on his nose. 


25/5/47: Seventh day 
Improvement maintained. 
26/5/47 : Eighth day 
He is grossly disorientated and does not remember 
any of the events leading to his coming here. He has 
forgotten about the proposed nasal operation. He 
takes little interest in anything but remains quiet. 
27/5/47 : Ninth day 
He is still disorientated and appears to be childishly 
contented and pleased at attentions paid to him. He 
confabulated to a visitor, telling him he had had a 
breakdown before Christmas and had been in hospital 
since then. 
There are now no abnormal physical signs on 
examination of the nervous system. 


28/5/47 : Tenth day 
He is much improved. He can read newspapers and 


books and can recall what he has read. He is correctly 
orientated. 


5/6/47 : Eighteenth day 
He remembers going to the general hospital but does 
not remember the events connected with the proposed 


operation for 12 hours before and about four days 
after. 


6/6/47 : Nineteenth day 


He still has the same degree of amnesia. He appears 
to be a pleasant, even-tempered young man who 
accepts the facts that have been explained to him, 
without any appearance of ill-will. He says that he 
feels he is now well on the way to recovery. 


9/6/47 : Twenty-second day 


Discharged to a convalescent home. On discharge 
he was lacking in self-confidence and was doubtful that 
he would ever be fit to resume his former responsible 
post. (He had been traffic manager in a large firm of 
machinery manufacturers.) After three months’ 
convalescence he went back to work, at first doing 
routine office work in the accounts office. By degrees 
he undertook full-time duty, but still in a subordinate 
Position. 


HERBERT TURNER 


The patient was seen again about a year later 
(27/5/48), when a psychiatric examination was 
carried out and the following notes were made. 


Psychiatric Examination 


Personality.—He has a pleasant, courteous manner 
and is of good appearance, well dressed and well cared 
for. He talks well, but his speech is inclined to be stiff 
and formal, lacking in colloquialisms. He says he was 
sociable and fond of games, his chief interests being 
tennis and swimming. He mixed well with both sexes 
and was good at making and keeping friends. He says 
he still has these same qualities. He feels that he has 
less initiative and energy. He tires easily and is still 
lacking in confidence to resume the same work as before 
the accident, although he thinks he is improving and 
that he will eventually be as fit as before. He is now 
working as assistant to the man who was his assistant 
before the accident and he seems to be quite satisfied 
with this arrangement. 


Memory.—A questionnaire on recent and remote 
events revealed no abnormality except that there is a 
residual amnesia for the events of about 12 hours before 
and about four days after the accident. 


Intelligence.—He is of high intelligence which would 
appear to have undergone no serious deterioration. He 
made the scores noted on the following tests. 

Progressive Matrices.—S.G.2 in 20 minutes. 

Koh’s Blocks.—Full score, 98 (Vernon’s norms). 

Kent Oral.—Mental Age 14 plus. 

Shipley Hartford Vocabulary and Abstracts.—Class A. 

Wechsler Bellevue (Verbal).—Intelligence quotient 131. 


Report from Brother (9/6/48).—‘‘ He is inclined to be 
forgetful and his recollection of past events takes longer 
than normal. He seems older now in his behaviour. 
This in my view is an improvement. He tires easily and 
is restless, seldom staying in one place very long. He 
seems to lack any definite interest in life which probably 
accounts for his restlessness. His general health is 
excellent ; he eats like a horse and sleeps well.” 


Electroencephalogram.—An electroencephalogram was 
made on May 25, 1948. The record showed an alpha 
rhythm at 9-10 c/s. of moderate amplitude which was 
reduced on opening the eyes. Mental activity also 
caused a reduction in the alpha rhythm. Activity at 
18-22 c/s. of low amplitude was recorded from the 
frontal areas but most of this was probably of muscle 
origin. Hyperpnoea caused no obvious change in the 
record. 





Follow-up.—He was seen again on June 3, 1949, and he 
appeared to have made a good recovery with the exception 
of the amnesia which remained as before. He had regained 
most of his former confidence in his ability to do his 
work and he was considering the possibility of taking up 
a new post of considerable responsibility. 

He now (October 15, 1949) reported that he had asked 
for an interview with one of the directors of his firm, 
as the result of which he was offered the post of traffic 
manager of the firm with his office at the works in the 
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country. This was a new post as the traffic manager had 
up to this time been in London and under the direction 
of the London manager. In the new position he would 
be his own master responsible only from time to time to 
the director. 

The patient’s manner of talking had quite changed. 
He was alert and confident, and gave the impression that 
he was no longer satisfied with a routine subordinate 
post, but was desirous of having a responsible post 
requiring initiative and independence. 

In January, 1950, he wrote to say that he was facing 
up to the problems and difficulties of his new post with 
confidence. On February 1, 1950, his brother reported 
that he had seen him recently and that he was satisfied 
that he had made a good recovery. He observed no 
difference in his personality before and after the accident ; 
he thought that his brother had regained his former 
confidence in his ability to do his work, and that he now 
had the same energy and initiative as before. His 
relations with other people were still good. 


Summary 


A case of heart arrest during anesthesia is 
reported with special reference to the mental state 
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during recovery. One year after the accident the 
patient showed signs suggestive of a mild frontal 
lobe syndrome. Two years after the accident he 
appeared to have made a good recovery and his 
brother could see no change of personality since 
the illness. There was still amnesia for 12 hours 
before and four days after the accident. 


Thanks are expressed to the County Medical Officer, 
London County Council, for permission to publish this 
case; to Dr. H. Hilton Stewart of Claremont Street 
Hospital for Nervous Diseases, Belfast, for the electro- 
encephalogram ; and to Dr. R. S. Allison, Physician-in- 
charge, Neurological Department, Royal Victoria 
Hospital, Belfast, for his help and encouragement in 
preparing this paper. 
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INTERNATIONAL FEDERATION OF E.E.G. SOCIETIES 


The International Federation of E.E.G. Societies was 
founded in the form of an International Committee at a 
meeting in London in July, 1947. The journal Electro- 
encephalography and Clinical Neurophysiology was 
established as the organ of the Federation, and working 
committees were formed. At a second meeting in 
Paris in 1949 a more formal organization was established 


in liaison with UNESCO. Correspondence should be 
addressed to the Secretary (Dr. H. Gastaut), Interna- 
tional Federation of Electro-encephalography and 
Clinical Neurophysiology, 149 Prom. de la Corniche, 
Marseille, France. 

The next meeting of the Federation will be held in the 
United States in June, 1952. 





Correction.—On page 46 of the February issue the reference to Ferner, H. (1940). 


Z. Anat. EntwGesch., 110, 391, 


is wrong, and the full correct reference is : Ferner, H. (1949). ‘‘ Die Trigeminuszisterne und ihre praktische Bedeutung 
fiir die Alkoholinjektion in das Gassersche Ganglion ’’, Nervenarzt, 20, 26. 








BOOK REVIEWS 


Contributions to Psychoanalysis 1921-1945. By Melanie 
Klein. 1948. London: Hogarth Press and Institute 
of Psychoanalysis. Pp. 416. Price 21s. 


The influence of Mrs. Melanie Klein upon psycho- 
analysis in England has been profound. Ernest Jones 
explains in his introduction how it caused in the British 
Psychoanalytical Society a deep rift which he is sure 
will be reproduced in all other psychoanalytical societies : 
up to now, however, supporters of Mrs. Klein have been 
almost exclusively to be found among psychoanalysts 
trained in this country. The violence of the feelings 
aroused in this civil war is well known, and some indica- 
tions of it may be inferred from the 1927 contribution 
to a symposium on child analysis, here reprinted, in 
which Mrs. Klein criticizes Anna Freud’s work severely, 
and from the resentful postscript on the same theme 
written twenty years later. The increasing boldness of 
Mrs. Klein’s interpretations and theory is evident in 
these papers ; the reader is amazed at the courage with 
which far-reaching generalizations are based on neces- 
sarily restricted observation, and are put in a form which 
seems hardly susceptible of proof or disproof. Non- 
analysts will find it often startling and perhaps un- 
rewarding, but it is fortunate that the successive articles 
in which Mrs. Klein has revealed her standpoint should 
be readily accessible to her supporters, her instructed 
opponents, and the larger body of interested but ill- 
informed onlookers. There are eighteen articles, mostly 
concerned with psychoanalytic aspects of childhood. 


Psychotherapeutische Studien. By Ernst Kretschmer. 
1949. Stuttgart: Thieme. Pp.215. Price DM. 13.50. 


Psychotherapy has become so intricate and specialized 
a Subject that a book such as this of Kretschmer’s seems at 
once remote and reassuring for the intimidated doctor 
who is not a psychotherapist. Kretschmer declares 
roundly that he has no intention of describing or criti- 
cizing psychoanalysis ; he thinks that its research possi- 
bilities have been exhausted, and its fruitful and valid 
elements already incorporated in the general body of 
psychiatric knowledge. Such statements indicate the 
gulf between his views and those commonly put forward 
in English and American works. In other respects 
Kretschmer remains in an earlier decade: he values 
highly, for example, the training method of J. H. Schultz, 
which is closely akin to the “ relaxation” therapy of 
Jacobsen. As a whole the book shows the common, 
probably the inevitable, weakness of works on psycho- 
therapy : it contains much interesting material about 
psychopathology and about clinical conditions which 
respond in diverse ways to psychotherapy, but about the 
methods and indications of practical psychotherapy 
itself it offers scanty information. The first part is 
devoted to ways of approaching the deeper layers of 


personality ; the second part deals with constitutional 
problems of personality ; and the third part contains 
chapters on the psychotherapy of schizophrenia, the 
analysis of dreams, and methods of psychotherapy. 


Psychosomatic Medicine. By Edward Weiss and O. 
Spurgeon English. Second Ed. 1949. W.B. Saunders 
& Co., Philadelphia and London. Pp. xxx+803. 
Price 47s. 6d. 


There seems to be a tendency in some medical circles 
to make psychosomatic medicine a speciality on its own, 
Those who are particularly interested in the study of 
organic disease have often restricted themselves to a 
mere lip-service of the concept of treating the patient 
and not the lesion. Those more _ psychologically 
oriented have made such wide use of psychoanalytic 
methods and ideas, which are not universally acceptable, 
that the breach has widened. There is a great need of 
clinical work which will bridge this gap ; it is, however, 
not to be filled by the work of specialists of a new kind, 
but by an approach from both sides. The present work, 
which is produced in collaboration by a general physician 
and a psychiatrist, makes a not entirely successful effort 
to do so. 

The terms of reference accepted by the authors are 
very wide. They understand psychosomatic medicine 
to cover “not only the physical manifestations of 
neurotic and psychotic disorders ; the diseases of the 
vegetative nervous system; but also, and more im- 
portantly, the great variety of mixtures of psychological 
and structural disorders which make up the bulk of the 
practice of medicine.’’ The first third of the book is 
taken up with chapters on personality development and 
psychopathology, psychosomatic diagnosis, principles of 
psychotherapy, normal problems in _ psychotherapy, 
training in psychosomatic medicine, etc. The usefulness 
of such a preamble may be doubted. It is not usual to 
preface textbooks of medicine with chapters on physiology 
and anatomy. As, moreover, the whole approach to 
medical psychology is psychoanalytic, the book from 
its very beginning receives a one-sided slant which 
detracts from the confidence it will inspire in the detached 
enquirer. 

The second part of the book is concerned with the 
special applications of psychosomatic medicine, and the 
matter here is arranged under the various systems. 
About half the space in this section is occupied by very 
detailed case histories, whilst the bulk of what remains 
is devoted to long excerpts from the work of others. 
It is very difficult to extract the authors’ own views from 
the welter of opinions quoted. The primary lack of 
balance is shown again in this section ; much attention 
is given to the bodily effects of emotional causes, but 
practically none is devoted to the emotional changes 
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which may arise through organic disease of the brain. 
The role of the frontal lobes and the hypothalamus is 
almost ignored. Furthermore, from the therapeutic 
aspect, although psychotherapy receives a large allow- 
ance of space, the physical methods of treatment are 
allowed only cursory mention. 

The book is designed as an all-purpose work for 
students, general practitioners, and specialists. For this 
it is not well adapted, and it will be found of greatest 
value if it is treated as a source book for ideas on the 
exploration along psychological lines of disorders which 
are recognized to have connexions with the emotional 
life of the individual patient. For this purpose the 
great amount of space given to the case histories is not 
entirely wasted. 


Human Personality and Its Minor Disorders. By 
William WHarrowes. 1949. Edinburgh: Livingstone. 
Pp. 260. Price 15s. 


This is a faithful rendering of the teaching of Adolf 
Meyer, and therefore informative to a generation which 
wonders how this famous psychiatrist came to exert 
such a prodigious influence though his published writings 
were relatively few and scattered. Dr. Harrowes has 
acted as the dutiful disciple, adding and subtracting 
nothing (except illustrative records). The modern 
developments of psychology in their bearing on psychiatry 
therefore do not appear, nor newer methods of psycho- 
logical and physical treatment. In spite of these serious 
limitations, the book is a readable exposition of 
‘** commonsense ”’ psychobiology. 


Psychiatry in General Practice. By Melvin W. 
Thorner. 1948. London: W. B. Saunders. Pp. 659. 
Price 40s. 


The language of this book, which is designed to make 
psychiatry plain to general practitioners, is admirably 
simple and free from technical terms: but the author 
(who is a neurologist) allows the habit of simplified 
explanation to grow upon him, so that he tells the reader, 
for example, that Huntington’s chorea is a disease of 
adults which runs in families, and that in petit mal 
there are periodical interruptions of consciousness ; the 
chapter on physical examination would be too elementary 
for a final year medical student. His accounts of 
psychiatric conditions are sometimes equally banal or 
superfluous: the numerous case reports read like 
novelettes, as though Dr. Thorner had concluded that 
the doctors for whom he wrote could not be interested 
in sober records which would make some demand on 
their attention. There is nothing incorrect in the book, 
and the practitioner will find in it much good advice, 
but he could obtain all that it offers by reading a much 
briefer volume. 


1949. 
Chapman and 


Psychological Statistics. By Quinn McNemar. 
New York: John Wiley. London: 
Hall. Pp. 364. Price 36s. 


Psychological research depends greatly on Statistics. 
Professor Quinn McNemar, whose competence in this 
field is well known, has here produced a lucid, exact, 
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well-organized text carrying the reader through all the 
Statistical techniques commonly used in psychology, 
except factor analysis. The latter omission is deliberate, 
and in view of the limited purpose of the book, 
warranted. Sampling theory is dealt with early in a 
masterly chapter, and there are also some final notes on 
sampling and statistical inference which come after corre- 
lation and analysis of variance have been expounded. 
The three chapters on variance and co-variance are 
exceptionally clear. 


Perspectives in Neuro-psychiatry. Edited by Derek 
Richter. London: H. K. Lewis & Co. Pp. 236. 
11 illustrations. Price 15s. net. 


This is a collection of fourteen essays presented by 
past pupils and associates to Professor Golla on the 
occasion of his seventieth birthday. This is a happy 
thought, and the outcome in this volume, is outstandingly 
successful. The distinguished contributors seem to 
enjoy the freedom to put down their thoughts in essay 
form, and the result is both instructive and stimulating. 
A list of the first six essays will suffice to whet the reader’s 
appetite : 


The Anatomical Perspective in Neuropsychiatry, by W. E. Le Gros 
Clark. Anatomical Lessons from Prefrontal Leucotomy, by Alfred 
Meyer. Neural Nets and the Integration of Behaviour, by M. A. B. 
Brazier. Electroencephalography as an Instrument of Research in 
Psychiatry, by Denis Hill. Features in the Electro-physiology of 
Mental Mechanisms, by W. Grey Walter. The Cerebral Mechanisms 
of Intelligent Action, by W. R. Ashby. 


Selective Partial Ablation of the Frontal Cortex. 
Edited by Fred A. Mettler. Pp.517. Paul Hoeber, Inc. 
New York. (Cassell & Co., London.) Price: 75s. 


This large volume gives the detailed results of bilateral 
removal of various areas of the prefrontal cortex in 24 
psychotic patients. Twenty-four ‘‘ controls” with similar 
mental aberrations were also studied. A considerable 
amount of information, some of it apparently contra- 
dictory, already exists on the functions of the frontal 
lobes, and this was used to determine which function 
should be studied in searching for change after operation. 
In general, attention was directed to psychological 
functions, clinical psychiatric assessment, neurological 
examination and autonomic changes. As might be 
expected from the small numbers involved, no clear 
correlations emerge between change of a given function 
and a detailed area removed. In describing the areas, 
Brodmann’s classification was used, and Mettler in a 
discussion on the cytoarchitecture of the removed tissue 
suggests that this classification is broadly confirmed. 
Operations in individual cases included fairly isolated 
removals of areas 6, 9, 10, 11, and 44 with combinations 
of these, and areas 8, 45, and 46. Noconstant psycho- 
logical changes were noted, though a frequent reduction 
of anxiety, tension, and sometimes retardation, was 
seen. This was correlated with psychiatric improvement, 
and involvement of areas 9 and 10 seemed to be necessary 
for itsappearance. Thirteen of the 24 operated patients 
were improved, and 9 of these were described as “ at 
home and working ”’ a year later. The adverse changes 
in personality sometimes seen after leucotomy, did not 
seem to occur here. No convincing neurological 
abnormality was found except as a temporary effect of 
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some posterior removals. Changes in autonomic 
response sometimes occurred, and an interesting point 
was the appearance of a reticulocytosis in some patients. 
However, as this was not correlated with hemoglobin 
level it may have been merely a hemorrhagic effect. 

Nothing very new emerges from the work. Neverthe- 
less it is a useful addition to the subject, and will be of 
value in guiding future research. In a field still largely 
uncharted, such a detailed study even of a few cases is 
probably necessary, but it may be doubted whether the 
bulky psychiatric case histories are really of much 
value, and negative findings seem at times unnecessarily 
elaborated. The array of specialist talent collaborating 
in the work is impressive, though the English reader 
may get a suggestion of advertisement for the principle 
of the ‘combined research project’. The book will 
undoubtedly be of interest to neurologists and psychia- 
trists, especially as it has an adequate reference section. 
It is a pity the price in this country is so high. 


By G. F. Rowbotham. 
Edin- 


Acute Injuries of the Head. 
Third Edition. 1949. E. and S. Livingstone. 
burgh. 35s. 


A book which has reached its third edition within 
seven years needs little introduction. The new edition, 
which includes the results of experience gained in the 
war years on the penetrating wounds, remains an 
excellent monograph on head injuries and a book 
indispensable to those engaged in accident work. The 
references given to each subject are particularly well 
chosen and show how much the value of a book is 
enhanced when attention is paid to this important but 
often neglected detail. 

‘** Microscopical’? on page 45 is presumably a mis- 
print for ‘‘ macroscopical”’, and there is a grammatical 
error on page 144. 

The operative section is reliable. Further details of 
the efficacy of the operation advocated for external 
hydrocephalus would be welcome. It is surprising to 
note that the author still advocates the use of amnion 
for dural repair. 

In looking forward to a further edition we hope that 
jt will be possible for the author to give us a clearer 
indication of the incidence of epilepsy following head 
injury, a matter on which advice is so often sought. The 
section on birth injuries might well be expanded to 
describe more fully the clinical syndrome and treatment 
of subdural hematoma in infancy. 


Psychical Physics. ByS.W.Tromp. 1949. Elsevier 
Publishing Co., Inc. Distributors : Cleaver-Hume Press, 
London. Pp. 534. Price 60s. 


The first two-thirds of this interesting but unconvincing 
book gives very brief descriptions of the electrical 
phenomena found to influence, or supposed to influence 
living tissues. In the next 156 pages, water divining 
and kindred phenomena, including radizsthesia (pendu- 
lum phenomena), are discussed. Then follows a biblio- 
graphy of 1,496 references with a large section on the 
use of the divining rod. This bibliography forms a 
useful source of references to electro-biological pheno- 
mena and can be recommended to anyone beginning the 
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study of the less known phenomena in bio-electricity. 
The accounts of the various subjects discussed are too 
short and too free from critical comment to give much 
indication of the validity of the various phenomena 
described. 

The author is a professor of geology in Cairo. He 
attaches much weight to scientific tests made in physical 
and physiological laboratories in Holland during 1946 
and 1947. These are said to have indicated that 
‘** divining phenomena are not due to charlatanry and 
suggestion, but really exist.”” He does however remark 
on page 289, in regard to the general literature of dowsing, 
that the facts are “‘ partly true and partly fantastically 
imaginative,” and ‘‘it is doubtful whether so much 
investigation and discussion have been bestowed on any 
other subject with such lack of positive evidence for the 
reality of the observed facts.” 


BOOKS RECEIVED 
(Review in a later issue is not precluded by notice here of books 
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Die Sektion des Gehirns und Riickenmarks und Ihrer 
Hiillen. By Berthold Ostertag. 1949. Berlin: Springer- 
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DENERVATION CHANGES IN MAMMALIAN STRIATED MUSCLE* 
BY 
S. SUNDERLAND and L. J. RAY 


From the Department of Anatomy and Histology, University of Melbourne, Australia 


The object of the experimental enquiry which 
forms the subject of this paper was to determine the 
period for which denervated mammalian striated 
muscle retains its essential morphological features 
and the manner in which these features are ultimately 
modified as the period of denervation increases. 
In order to obtain this information it was necessary 
to extend the period of denervation well beyond the 
- limits which have hitherto been employed. Few of 
the previous enquiries devoted to a consideration of 
this problem have been concerned with the gross and 
microscopic changes occurring in a muscle which has 
been deprived of its nerve supply ; in those which 
have attention has been confined to the first few 
months of the process, though Tower (1935) 
extended her observations to cover the first year of 
denervation. 


Material and Methods 


The experiments were performed on 36 adult specimens 
of the Australian opossum, Trichosurus vulpecula. The 
duration of denervation in the shortest experiment was 
nine days and in the longest 485 days. The muscles 
selected for examination were the flexor carpi ulnaris, 
flexor carpi radialis, and pronator teres. These muscles 
are readily identified and have well-defined attachments 
from which they may be rapidly and easily separated. 

Under chloroform anesthesia and with aseptic tech- 
nique the median and ulnar nerves were removed on the 
left side between the axilla and the elbow. In 27 speci- 
mens the two nerves were interrupted at the one opera- 
tion, the ulnar nerve only in three, and in six the ulnar 
segment was removed before the median, a variable 
interval elapsing between the two operations. After 
division the nerve ends were treated in order to prevent 
regenerating axons from reaching the distal stump or 
the denervated muscles directly. At the conclusion of 
each experiment the distal stumps were examined histo- 
logically in order to ascertain whether or not the measures 
adopted had been effective. Regenerating axons had 
reached the distal stump of six of the severed ulnar 
nerves and four of the median, and these specimens were 
consequently discarded. In the remainder denervation 
had been complete and permanent. 

The wounds healed rapidly and by primary intention. 
The involved limb adopted a characteristic attitude post- 





* This work was assisted by a grant from the National Health 
and Medical Research Council of Australia. 


operatively with the forearm supinated and the hand 
hyperextended. Elbow movements were unimpaired. 
Flexion at the wrist could not be performed voluntarily, 
but the joint remained mobile so that the hand was 
intermittently forced into flexion by the movements of 
the animal in its cage. The hyperextension at the wrist 
was such that, though the flexores carpi muscles arise 
above the elbow and are relaxed by elbow flexion, these 
two muscles must have been almost permanently stretched 
as a result of the deformity, particularly the flexor carpi 
ulnaris which has an additional origin below the elbow. 
Despite the supinated position of the forelimb the 
pronator teres was stretched and relaxed as the elbow 
was extended and flexed respectively. Trophic ulcers 
involved the digits shortly after the operation. These 
healed either with or without sloughing of one or more 
digits; the latter was common. In the long term 
experiments there was no persistent ulceration. The 
animals remained healthy throughout the investigation 
and none lost weight. They were allowed the full 
freedom of a large cage so that their normal activities 
were unrestricted. 

The experiments were terminated after varying periods. 
At the conclusion of each experiment the nerve stumps 
and muscles were exposed under general anesthesia and 
a note was made of their gross appearance and any 
difficulties in exposure such as adherence to deep fascia. 
A search was also made for fibrillation. The proximal 
and distal segments of the severed nerves together with 
the median and ulnar nerves on the contralateral side 
were removed for study. The animal was then killed 
and the three muscles carefully removed on both sides 
by employing a standard technique. The muscles were 
weighed to the nearest milligram and then transferred to 
10% formalin. Care was taken to ensure that the same 
interval elapsed between removal and weighing in each 
case. There are several sources of error in obtaining 
the weight of wet specimens and in employing, as was 
the method adopted in this study, the weight of the 
corresponding non-denervated muscle as the pre- 
operative weight of the denervated muscle for calculating 
the percentage atrophy. These errors have been 
detailed by Langley (1916; 1917) and Langley and 
Hashimoto (1918). _All the precautions outlined by 
them were observed in the present enquiry. In the case 


of lateral differences in the weight of corresponding 
muscles Langley (1917) wrote, for the cat, that “in 
considering the degree of atrophy, a difference of 5 per 
cent. on the two sides must be disregarded, and a 
difference of 5 to 10 per cent. treated with caution” 
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TABLE I 


LATERAL DIFFERENCE IN WEIGHT OF CORRESPONDING 
MUSCLES EXPRESSED AS A PERCENTAGE OF THE HEAVIER OF 
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while for the rabbit Langley and Hashimoto (1918) 
concluded that “‘ any one muscle in any one animal may 
be about 6 per cent. to about 9 per cent. heavier on one 


























THE TWO side than on the other ’’. The lateral differences obtained 
eas pags er a oe by other investigators are given in Table I. The lateral 
Siete Difference Difference Difference differences in the opossum are consistent with those 
and Animal |"Wer | Dry | Wet | Dry | Wet | Dry reported by Langley for other animals nor were they 
| Weight Weight Weight Weight Weight} Weight | Such as to destroy the validity of the curve of atrophy 
aha: | which has been constructed from the calculated per- 
Lipschiitz and | | centage weight loss. 
ar | OS | 09 | 63 | 42 - ’ The duration of the individual experiments together 
en, Meek, | ‘ : ‘ a 
and__ Bradley with the percentage weight loss in each case are given 
(1924) "| 2. De fel io noe 
Lippmann and | i a ss 
Selig (1928)... | 7:0 a ie 64 = 0-0 The muscles were submitted to a standard histological 
io" oes ae en oe a a - procedure. After fixation in formalin they were transected 
7 | | at the mid-point of the belly. After embedding the 
Ret: acy | — | — | 2-9 | 29 a oa material in paraffin in the usual manner, transverse 
sections, 10 in thickness, were prepared from the four 
TABLE II 
DURATION OF DENERVATION AND PERCENTAGE ATROPHY OF MUSCLES 
Peaeiion of Median Nerve Ulnar Nerve 
Specimen Denervation | Flexor Carpi Flexor Carpi 
pi 
(Days) Pronator Teres | Radialis Cheasis 
0-27 9 0 | 0 0 
0-24 9 10 | 20 3 
0:7 12 4 10 — 
0-10 12 23 22 — 
0-29 16 30 14 30 
0-5 21 — | — 36 
0-11 29 40 29 — 
0-39 34 44 43 30 
, 0-18 35 — — 33 
0-30 44 57 50 29 
0-3 49 55 45 — 
0-23 59 54 40 31 
0-40 60 64 63 | 51 
0-41 68 59 53 35 
0-28 76 56 53 — 
0-31 76 71 65 43 
0-32 78 60 52 53 
0-26 89 63 56 60 
0-21 112 72 70 66 
0-22 112 71 65 60 
0-1 135 65 66 — 
0-20 140 69 | 70 51 
0-19 172 64 | 65 54 
0-12 181 = | — 6 
0-2 185 73 76 on 
0-13 196 69 64 64 
0-10 198 — — 68 
0-14 224 76 | 78 76 
0-25 229 74 69 54 
0-11 231 — — 57 
0-15 252 62 65 — 
0-33 254 80 | 80 74 
0-7 255 — — 59 
0-16 280 78 68 71 
0-38 335 — — 68 
0:36 426 59 61 — 
0-37 432 — — 69 
0-1 444 — — 63 
0-2 485 — — 69 
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DENERVATION CHANGES IN MUSCLE 


faces of the two blocks into which each muscle had been 
divided. The remainder of each block was then 
sectioned longitudinally at 10u. In this way transverse 
and longitudinal sections were obtained from the same 
muscle. These were stained with hematoxylin and 
eosin and Van Gieson. 

Values for the percentage reduction in the calibre 
of the muscle fibres as atrophy progressed were obtained 
in the following manner. Transverse sections from the 
middle of the denervated and corresponding non- 
denervated muscles were enlarged by a microprojector 
to a constant magnification of 450 diameters and the 
outline of the fibres drawn. The cross-sectional area 
of the muscle occupied by its fibres was then measured 
with a planimeter. From these measurements average 
values were obtained for the cross-sectional area of a 
normal and an atrophied fibre and these were employed 
for calculating the percentage muscle fibre atrophy. 
An examination of transverse sections from the non- 
denervated muscles revealed little variation in the 
calibre of the fibres when these were examined in sections 
taken from the middle of the muscle and that at this level 
the majority of the fibres were at their maximum width. 
It was for this reason that planimeter measurements 
were made on sections taken at this level. 


Macroscopic Features of the Denervated Muscle 
At no stage of denervation did the muscle give the 
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appearance of becoming converted into an ill-defined 
fibrous sheet. On the contrary, even after 485 days’ 
denervation the general form of each muscle was 
fully retained, despite a reduction in size and weight, 
and each could be readily identified and easily 
removed. The muscles shortened appreciably on 
removal and it was necessary to stretch them gently 
on a card in order to restore them to their original 
length. This shortening, together with the fibrilla- 
tion to be described, indicated that contractile tissue 
had survived 485 days’ denervation. The character- 
istic features which distinguished the denervated 
from the corresponding non-denervated muscle were 
a change in colour, a reduction in size and weight, 
and the presence of fibrillation. 


Colour Change.—The denervated muscle was 
distinctly paler, but despite this it still retained a 
colour and texture which identified it as muscle 
tissue. There was never any suggestion of a 
yellowish or translucent appearance. 


Reduction in Size and Weight.—The most con- 
spicuous change was a reduction in size and weight. 
The time course of this reduction with increasing 
periods of denervation is illustrated in Fig. 1, where 
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FIGURE 2.8 


the percentage loss of weight has been plotted against 
the duration of denervation in days. There was a 
rapid initial loss of weight, the muscle sustaining a 
30% loss in 29 days which had increased to 50 to 
60% by 60 days. The process then slowed and a 
relatively stable state was reached somewhere about 
120 days from which time onwards the weight 
loss varied between 60 and 80%. 


The curves giving the rate of denervation atrophy, 
which have been obtained by other workers, have 
been included for comparison with our own; 
collectively they cover a variety of muscles and 
animals (Figs. 2 a and 6). Where a graph was not 
provided one has been constructed from data con- 
tained in their texts. The graph based on Tower’s 
work (1935) is of rather doubtful significance. It 
will be seen that the period covered by her experi- 
ment was extensive (12 months) but that the number 
of points is very small. In her original work Tower 
did not construct a graph but included her results 
for weight loss in a table. On examination it was 
found that there was a marked discrepancy between 
the weights given for the muscles and the percentage 
loss so calculated. It is presumed that this discrep- 
ancy is typographical in origin and the error lies in 
the percentages given rather than the weights. 
Acting on this assumption new percentages have 
been calculated and these results used in the graph 
given in Fig. 2. With the exception of Tower (1935) 
and Gutmann (1948), other workers have confined 
their attention to the first few months of denervation, 


Knowlton and Hines (1936) have stated : 


“Tt does seem, however, as if the specific denerva- 
tion atrophy rate, ‘k’, is an hereditary characteristic 
of a species, possibly related to the genetic factors 
associated with determinators of growth rate.” 


Though the graphs suggest a more rapid loss in 
the initial stages for some animals, it is difficult to 
be decisive on this point because the construction of 
a graph is complicated by such factors as lateral 
differences in the weight of corresponding muscles, 
possible differences in the conduct of the experi- 
ments, the range of variation in percentage atrophy 
seen in muscles denervated for the same period, and 
the limited observations of a number of investi- 
gators. The general nature of the curves, however, 
appears to te substantially the same over this initial 
period of denervation regardless of the animal 
employed. Thus there is general agreement con- 
cerning the marked loss of weight within the first 
two months of denervation (Table III). The most 
rapid and severe atrophy, namely one of 72% in 
four weeks in the rat, has been described by Hines 
and Knowlton (1933). The flattening in the curve, 
which is just appearing in the graphs confined to the 
early stages, was sustained in the opossum for 485 
days. Gutmann (1948) who followed the process 


for eight months in the rabbit has reported that 
“the loss of weight between the third and sixth 
months appears to be almost insignificant, suggesting 
little change in the muscle during this period ” ; 
the maximum weight loss observed by him was 77% 
in one specimen at six months, 
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TABLE 


Ill 


DATA OF OTHER AUTHORS RELATING TO THE PERCENTAGE ATROPHY OF MUSCLES OCCURRING WITHIN THE FIRST TWO 


MONTHS OF DENERVATION 








—S | Muscle | "lea Duration of Denervation (Days) 
Rat: ' ; 
Hines and Knowlton — | Gastrocnemius 79 42 Experiment terminated 
Fischer (1940) . Gastrocnemius 69 33 Experiment terminated 
Fischer (1940)* Gastrocnemius 72 33 Experiment terminated 
Solandt and Magladery (1940) . Calf 65 21 Experiment terminated 
Solandt (1942). Gastrocnemius | 70 35 to 40 Experiment terminated 
Weiss and Edds (1946) . Leg 65 to 70 60 to 70 Experiment terminated at 74 days with a percentage 
| atrophy of about 78 
Rabbit : 
Krauss (1888) Calf 59 51 Experiment terminated at 84 days with a percentage 
atrophy of 52-4 
Ricker (1901) Calf 43-1 42 Experiment terminated 
Langley and Kato (asis) Gastrocnemius | 45 to 50 35 Experiment terminated 
Roberts (1916) .. Leg 48-1 to 67:6 58 Experiment terminated at 70 days with a percentage 
depending on | atrophy ranging from 16-7 to 63-0 depending op 
the muscle | the muscle 
Langley and Hashimoto (1918).. Leg 16:8 to 575 | 23 to 25 Experiment terminated 
depending on 
the muscle 
Lipschitz and Audova (1921) .. Calf | 52-5 average 56 Experiment terminated at , 1 days with an average 
Lipschiitz and Audova (1921)*.. Calf 57-7 average 56 > loss of 65 and 67:1% for the wet and dry 
J weights respectively 
Audova (1923)* .. Calf 55 to 60 55 to 60 Experiment terminated at 123 days with a percentage 
weight loss of 65 to 70 
Chen, Meek, and Bradley (1924) Leg 39-1 56 Experiment terminated at 70 days with a percentage 
atrophy of 46-4 
Lippmann and a — Semitendinosus | 53 50 Experiment terminated 
Gutmann (1948) . | Tibialis Anterior | 61 2 months Experiment terminated at 8 months with a percentage 
| atrophy of 74 
| 
Cat: | 
Langley (1917) Leg | 25°5 to 54:4 | 29 Experiment terminated 
depending on 
| | the muscle | . 
Chor and others (1937) .. Calf | 2months Experiment terminated at 12 weeks with a percentage 
| atrophy of 85 to 90 
Monkey : | 
Chor and others (1937) .. ne Calf 65 2 months Experiment terminated at 12 weeks with a percentage 


atrophy of 70 to 75 





* Based on weights of the dried muscle. 


Though the curve of atrophy was substantially 
the same for all three muscles we investigated, 
differences in the extent of the atrophy of different 


muscles have been reported (Roberts, 1916; 
Langley, 1917; Langley and Hashimoto, 1918; 
Tower, 1939; and Altschul, 1942). Roberts 


attributed the greater atrophy of the gastrocnemius 
compared with the tibialis anterior in his rabbit 
material to the stretching of the former and the 
relaxation of the latter. According to Langley and 
Hashimoto the chief factor in this difference is the 
“varying nature of the muscle fibres”. They did 
not favour the theory that differences in the degree 
of tension are sufficient to account for the differences 
which occur in the extent of the atrophy in different 
muscles and reported that some of their experiments, 
though they did not give definite results, ‘“‘ tend to 
show that with nearly complete relaxation there is 
at Jeast as much atrophy as with moderate inter- 
mittent stretching’. The overall picture of atrophy 
was substantially the same for all three muscles 
studied by us despite the fact that two were main- 
tained in an almost continuous state of stretch while 


the third was subjected to alternate relaxation and 
stretching. Unfortunately other workers have failed 
to define the position of the paralysed muscles in 
their experiments. The available information con- 
cerning the differences in the rate and extent of the 
atrophy reported for some muscles and whether or 
not the position of the muscles contributes to this 
difference, hardly justifies any definite conclusions. 


Fibrillation.—Fibrillation appeared between the 
ninth and sixteenth days and was observed at 34, 
60, 68, 76, 78, 89, 135, 185, 254, 335, 426, 444, and 
485 days. It could not be detected in several 
specimens despite a careful search though we were 
compelled to rely on inspection of the muscle to 
establish its presence. The fibrillation, however, 
may be so fine as to escape detection by this simple 
procedure. Though electrical methods for recording 
fibrillation are more sensitive and reliable than 
mere observation, these methods were not available 
to us. The fibrillation was best seen, and only 


became apparent in most cases, after the muscle 
had been exposed by reflecting the deep fascia ; 
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it could sometimes be seen through the fascia but 
- was never visible through the shaven skin. The 


165 


inferred on more than one occasion (Chen, Meek, 
and Bradley, 1924; Tower, 1935 and 1939; Chor, 


onset and duration of fibrillation reported by others 
are given in Table IV. 


Dolkart, and Davenport, 1937; Solandt, 1942; 
Gutmann and Young, 1944 ; Weiss and Edds, 1946). 

















TABLE IV 
ONSET AND DURATION OF FIBRILLATION 
+ 
: : Last Duration of 
Investigator aoe Muscle Onset Reported Experiment 
Langley and Kato (1915).. Rabbit Calf 4 to 5 days 71 days 71 days 
Denny-Brown and Pennybacker (1938)... Cat Calf 5 days — -- 
Tower (1939) we ‘ Cat Forearm and | 7 to 14 days 1 year 1 year 
hand muscles 
Reid (1941) Cat Gastrocnemius — 70 days 70 days 
G Schiff (1851) ‘is Rat — — 3 to 4 months = 
Hines and Knowlton (1933) ‘a | Rat Gastrocnemius 3 days 42 days 42 days 
Solandt and Magladery (1940) .. | Rat Calf 2 to 3 days | _ 21 days 
Solandt, DeLury, and Hunter (1943) | Rat Calf 3 days 20 days 20 days 














As in Langley’s (1917) experiments fibrillation was 
accentuated by warmth and could no longer be seen 
when the muscle was cooled. Tower (1939) reported 
that it ceased under tension though she stated that 
the cessation might be apparent rather than real. 
Like Solandt and Magladery (1940), we found that 
light tension was without effect. The former 
demonstrated this by electrical methods and con- 
cluded that tensicn has a masking effect by tensing 
the fascia which renders invisible the fine rippling 
movement. 

The fibrillation did not appear to be as marked 
in the later experiments after the weight loss became 
constant but, in the absence of any precise recordings 
by reliable methods, this observation must be 
regarded only as an impression. 

The fact that obvious fibrillation was observed 
485 days after denervation is consistent with 
observations on human material where fibrillation 
in the tongue has been known to persist for several 
years (five in our experience) after facio-hypoglossal 
anastomosis has been performed to compensate for 
irreparable injury of the facial nerve. Active 
fibrillation was observed in Tower’s material after 
one year’s denervation. 


Microscopic Features of the Denervated Muscle 


It is of particular interest to enquire into the 
nature of the residual tissue when no further signi- 
ficant weight loss occurs, in view of statements to 
the effect that 10 to 25% of a muscle is connective 
tissue (Knowlton and Hines, 1936; Weiss and 


Edds, 1946) which suggests the complete destruction 
and elimination of the contractile constituents. 
That this is the fate of muscle which has suffered 
continued denervation has been expressed or 


The Reaction of the Extrafusal Fibre to Denervation 
(Figs. 3 to 8) 


Calibre.—The earliest and most characteristic 
change in the morphology of the denervated fibre 
involved a loss of sarcoplasm and a reduction 
in its calibre. This was generalized throughout the 
muscle and appeared to proceed at about the 
same rate in the different regions examined. The 
fibres atrophied rapidly in the initial stages so 
that at 60 days the average fibre cross-sectional 
area was reduced by 70%. The process then slowed 
appreciably so that approximately 60 days later 
(i.e. about 120 days after denervation) the atrophy 
had advanced only a further 10%. From this 
time onwards the atrophy, with two exceptions, 
varied between 80 and 90% and over this range 
there was no constant relationship between the 
amount of the atrophy and the duration of the 
denervation. The course of the fibre atrophy was 
the same in all three muscles studied. Details of 
the extent and time course of this atrophy are 
provided in Table V and in the graph illustrated in 
Fig. 9, in which the percentage reduction in the 
average cross-sectional area of the fibres has been 
plotted against the duration of denervation. Though 
the curve outlining the rate and extent of the fibre 
atrophy follows the same general form as that 
representing the loss in weight of the entire muscle, 
a comparison of the two shows that the reduction 
in the contractile component exceeds the weight loss 
of the entire muscle at all stages of denervation. 
From this it is apparent that the fibres suffer more 
severely than the loss in weight of the muscle indi- 
cates so that the calibre of the fibres provides a more 
accurate measure of the reaction to denervation 
than does the weight of the muscle. The difference 
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Fic. 3a Fic. 3b 


Fic. 5a Fic. 5b 


Fic. 3 (a and b).—Transverse and longitudinal sections of normal pronator teres muscle. 

Fic. 4 (a and b).—Pronator teres. Duration of denervation 49 days. Percentage muscle atrophy 55. Percentage 
fibre atrophy 67. 

Fic. 5 (a and 6).—Pronator teres. Duration of denervation 112 days. Percentage muscle atrophy 72. Percentage 
fibre atrophy 82. 
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Fic. 8a Fic. 8b 


Fic. 6 (a and b).—Pronator teres. Duration of denervation 229 days. Percentage muscle atrophy 74. Percentage 
fibre atrophy 87. 


Fic. 7 (a and b).—Pronator teres. Duration of denervation 280 days. Percentage muscle atrophy 78. Percentage 
fibre atrophy 93. 


Fic. 8. (a and 5)—Flexor carpi ulnaris. Duration of denervation 485 days. Percentage muscle atrophy 69. 
Percentage fibre atrophy 91. 
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TABLE V 


RELATIONSHIP BETWEEN PERCENTAGE ATROPHY OF MUSCLE AND THAT OF ITS COMPONENT FIBRES WITH DIFFERENT 


PERIODS OF DENERVATION 





Duration of 


Muscle | 


Percentage Loss 


Percentage Decrease 











Denervation (Days) | of Weight in Fibre Size 
9 | Pronator teres 10 37 
16 | Pronator teres 30 37 
21 Flexor carpi ulnaris 36 14 
29 Pronator teres 40 67 
49 Pronator teres | 55 67 
58 Flexor carpi ulnaris | 31 71 
76 Pronator teres | 71 76 
716 Pronator teres | 56 33 
89 Pronator teres 63 81 

112 Flexor carpi ulnaris | 60 81 
112 Pronator teres 72 82 
135 Flexor carpi ulnaris 63 | 86 
140 Pronator teres 69 | 81 
185 Pronator teres | 73 | 79 
196 Pronator teres 69 88 
198 Flexor carpi ulnaris 68 89 
224 Pronator teres 76 95 
229 | Pronator teres 74 87 
252 | Pronator teres 62 | 714 
254 | Pronator teres 80 97 
280 | Pronator teres 78 | 93 
485 Flexor carpi ulnaris 69 | 91 





between the weight loss and reduction in fibre 
calibre is to be accounted for by an increase in the 
amount of connective tissue which compensates in 
some measure for the greater atrophy of the fibre. 
This finding is contrary to that reported by 
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Gutmann (1948) who has claimed, with reference 
to weight loss and fibre atrophy, that “ there is a 
quicker diminution in weight at first, followed by 
parallel changes thereafter ”’. 

Bowden and Gutmann (1944) observed “no 


profound changes” 
in human denervated 
muscle within the 
first three months 
though the atrophy 
wasconsiderable from 
four months onwards. 
In Gutmann = and 
Young’s (1944) rab- 


bit material the 
atrophy was “not 
yet extreme ”’ at five 


months and the fibres 
were “ not yet exces- 
sively atrophied at 
seven months”’. Two 
months later some 
fibres were approach- 
ing the extreme con- 
dition of atrophy but 
after eleven months’ 
denervation the histo- 
logical picture was 


one of masses of fat 
from 


cells which 
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fibres had completely disappeared while many 
others were approaching the final stage of atrophy. 
Tower (1935) found the diameter of the fibres 
unaltered at two weeks while at the end of a month 
the atrophy was apparent but not conspicuous. 
A month later atrophy was far advanced with an 
average reduction in fibre size of one-third to one- 
half. From this time onwards more severe changes 
involved the fibres. Though these investigators did 
not measure the fibre atrophy their data suggest 
that the fibres in the opossum atrophy more rapidly 
than those in the other mammalian material studied. 
However Gutmann (1948) has published data based 
on a metrical analysis of fibre atrophy in the rabbit 
which are consistent with those reported by us, while 
Willard and Grau (1924) observed a progressive 
decrease in fibre diameter of up to 68% in 63 days. 


Subsarcolemmal Nuclei.—The nuclei became 
larger and more oval between the ninth and the 
sixteenth day and persisted in this form until fibre 
atrophy was well advanced when the majority had 
resumed their original elongated form. This sequence 
of changes has been observed by most previous 
investigators (Krauss, 1888 ; Tower, 1935 and 1939 ; 
Bowden and Gutmann, 1944; and Altschul, 1948) 
though Willard and Grau (1924) reported an early 
reduction in nuclear diameter in their mouse 
material. Tower (1935, 1939) represents the nuclei 
as “* sometimes bloated to an extraordinary degree ” 
and creates the impression that this is a prelude to 
degeneration ; we did not see such bloated forms. 
Altschul (1948) attributes the increase in volume to 
a decrease in interstitial pressure and a relative 
increase in nuclear pressure. We are unable to 
account for the enlargement though the appearance 
of the nucleus is highly suggestive of activity rather 
than of degeneration. The elongated form began 
to reappear between 90 and 120 days, when the 
fibre atrophy was reaching its peak and the histo- 
logical picture suggested that the nuclear elongation 
was the result of compression caused by the shrink- 
age of the fibre. Tower (1935) and Bowden and 
Gutmann (1944) have also described the reappear- 
ance of elongated nuclei in their material from the 
fourth month of denervation onwards though we 
never saw nuclei resembling “ tendon nuclei” as 
reported by Tower. 

Bowden and Gutmann (1944) reported an increase 
in the number of nucleoli between the fourth month 
and a year and thereafter a decrease while Tower 
(1935) described a reduction as early as the second 
week which persisted. We were unable to detect 
any changes in the nucleoli which were not also 
observed in the control specimens. 

Though some nuclei were centrally placed in the 


fibres from the sixteenth day onwards the majority 
retained their original peripheral position. A 
central position was not so common in this material 
and in that described by Krauss (1888, rabbit) as 
was observed by Tower (1935, cat), Gutmann and 
Young (1944, rabbit) and Bowden and Gutmann 
(1944, man). However the gross atrophy of the 
fibre results in the nuclei occupying much more of 
the cross-sectional area of the fibre and this often 
creates the appearance of a centrally placed nucleus, 
particularly when the latter is enlarged. 

Nuclei were never seen in the process of division, 
either mitotically or amitotically. Though the 
tissue presented an appearance which was highly 
suggestive of nuclear proliferation, nuclear counts 
in transverse and longitudinal preparations failed, 
with two exceptions, to confirm this. On the 
contrary the counts gave values which were within 
the range of variation presented by the normal 
control specimens. The two exceptions were speci- 
mens which had been denervated for 185 and 280 
days respectively and these showed a nuclear pro- 
liferation of approximately 50%. Willard and 
Grau (1924) were also unable to detect a numerical 
change in the nuclei of mouse muscle over the 
63-day period of denervation studied by them but 
a numerical increase has been reported by others 
(Krauss, 1888 ; Stier, 1896; Ricker and Ellenbeck, 
1899 ; Jamin, 1904; Schmidtmann, 1916; Tower, 
1935; Chor and others, 1937; Altschul, 1942; 
and Bowden and Gutmann, 1944). Chor and 
others (1937) alone claim to have seen mitosis. 

Confusion still persists concerning the question 
of nuclear degeneration. Tower (1935) reported 
fragmentation from one month onwards in the cat, 
the destructive process proceeding steadily after six 
months to eliminate nuclei from the extrafusal fibres 
for “* from this time forward their numbers obviously 
decline’. Stier (1896) also reported the destruction 
of nuclei over the three and a half months’ period 
of his investigation. Bowden and Gutmann (1944), 
however, saw nuclear degeneration in human material 
only after three years. There was no evidence of 
degeneration within the time limits covered by the 
present enquiry, nor did the counts suggest any 
decline in the number of nuclear elements at the 
conclusion of the investigation. 


Striations.—It is not always possible to obtain 
consistently uniform staining of the striations even 
in normal fibres, and this makes it difficult to 
determine whether their absence or fading in 
denervated material is to be attributed to the 
denervation or to vagaries in the staining. The 
transverse and longitudinal striations, however, 
were well preserved and intensely stained in most 
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fibres throughout the period of denervation covered 
by the enquiry. The distance from the centre of one 
anisotropic disc to another remained unchanged, 
but from the sixteenth day onwards these discs 
appeared to be thicker and less sharply defined than 
those from the corresponding muscle from the 
control side and Hensen’s line was more difficult 
to detect and often was absent. 

Striimpel (1894), Stier (1896), Jamin (1904), and 
Willard and Grau (1924) did not observe any change 
in the fibrille in their material. Bowden and 
Gutmann (1944) reported that the striations were 
more commonly absent after four months’ dener- 
vation than in normal muscle but that even after 
three years’ denervation they “‘ may still be intact 
in the thinnest fibres’. Tower’s (1935, 1939) 
statements on this subject are somewhat conflicting. 
In one section she states that “ all through the early 
stages and to the end of a year the cross and longi- 
tudinal striated structure survives in remarkably 
good order’ but elsewhere we read that “‘ after a 
month or two the cross striation is clearly faded 
becoming finally scarcely more than a shadow”, 
and at one year “they are excessively faded and 
over large areas even seemingly wanting” but 
““ where they are visible alignment is remarkably 
well preserved ’’. Though degenerating changes have 
also been described by others (Erb, 1868 and 1869 ; 
Krauss, 1888; Ricker and Ellenbeck, 1899) there 
is no doubt that many denervated fibres do retain 
their characteristic striated appearance despite 
denervation for over a year and the gross atrophy 
which this induces. 


End Plates.—We are unable to state whether or 
not there was any reduction in the number of plates 
but the examination of large numbers of sections 
indicated that surviving fibres still carry an end 
plate regardless of the period of denervation. The 
plates however became more difficult to detect as 
the atrophy of the fibre reached maximum values 
since they then extended across the full width of 
the fibre so that great care was required to dis- 
tinguish their nuclei, which were now more crowded, 
from other nuclear aggregations within the fibre. 
The end plate nuclei did not undergo the enlarge- 
ment observed in the case of the subsarcolemmal 
nuclei but remained unchanged, nor were they 
observed to proliferate. Bowden and Gutmann 
(1944) could also identify the end plates by their 
characteristic arrangement after a year’s denerva- 
tion ; thereafter fibre atrophy made their identifi- 
cation difficult. Gutmann and Young (1944) were 
unable to find any “* proper evidence to show that 
end plates atrophy’ and concluded that they 
remain with relatively little change on most of the 


fibres for a considerable period (at least nine months) 
of atrophy ; some were observed which persisted 
for 17 months. They were careful to point out 
the impracticability, in the later stages of atrophy, 
of accurately determining whether there is a gradual 


reduction in the number of nuclei or other signs of | 


atrophy and correctly emphasized that the persistence 
of some plates for a very long time does not prove 
that others have not disappeared. 

These findings are not in harmony with those of 
Tower (1935 and 1939) and Chor and others (1937). 
According to the former the end plate cytoplasm 
had disappeared completely by six months at which 
time the associated nuclei could not be distinguished 
from subsarcolemmal nuclei, while the latter state 
that “by the end of one week, only occasional 
remnants may be seen scattered throughout the 
denervated muscle .. . and are rarely observed after 
two weeks ”’. 


Muscle Fibre Degeneration.—The only occasion 
when degenerating fibres were seen was in a muscle 
which had been denervated for 49 days. Approxi- 
mately a dozen scattered fibres were involved. 
Among them they showed the usual pattern of 
vacuolation of the sarcoplasm, collapse of the 
fibre, its disintegration and the associated phago- 
cytic activity which is, presumably, ultimately 
followed by connective tissue replacement. A very 
small superficial area of fibrotic dedifferentiation was 
observed in a specimen of the flexor carpi ulnaris 
which had been denervated for 444 days. 

This almost total absence of degeneration and 
fibrous tissue transformation is in agreement with 
the findings of Willard and Grau (1924), Reid (1941), 
Gutmann and Young (1944), and Bowden and 
Gutmann (1944). Willard and Grau did not 
observe any degenerating fibres in mouse muscle 
over a denervation period of 63 days and Reid had 
the same experience with cat muscle denervated for 
six weeks. The changes described by Gutmann 
and Young were essentially those of atrophy, in 
which the fibres became reduced to “ very narrow 
strands containing a simple series of nuclei’ from 
which picture they inferred, however, that many 
muscle fibres would probably finally break up and 
disappear. Bowden and Gutmann found that “* few, 
if any, muscle fibres have undergone complete 
disintegration ” after three years’ denervation. As 
was the case with our material they could not detect 
the acute degeneration and fibrotic dedifferentiation 
which Tower (1935) had found during the first year 
of denervation in the cat and suggested that this was 
because perhaps “‘ atrophy is slower in man than in 
cats and rabbits”. Destructive changes appear to 
have been a characteristic feature in Tower’s 
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material. These were first encountered at one 
month as an acute degenerative process which 
became conspicuous at four months and in the 
following two months “ destroyed large bodies of 
fibres completely’ after which it subsided. At 
four months a process described by her as fibrotic 
dedifferentiation made its appearance by which large 
regions of the muscle became transformed into 
fibrous tissue. This process increased in severity 
as the acute degenerative processes subsided, with 
the result that at one year the characteristic histo- 
logical picture was the ‘‘ advancement almost to 
completion of the dedifferentiation by which fibres 
which had escaped the earlier acute degenerations 
were being reduced to the status of connective 
tissue’. Chor and others (1937) have reported 
“‘ granular and vacuolar degeneration with replace- 
ment by fibrous tissue” and Altschul (1942) 
“* metaplasia of muscle fibrils into connective tissue ”’. 
Such extreme changes were, with the exceptions 
noted, not seen in the opossum. 


The Neuromuscular Spindle 


The intrafusal fibres shared in the atrophic 
changes involving the extrafusal fibres but not to 
the same degree. The periaxial space remained 
patent and well-defined and was not encroached on 
by connective tissue, while there was little if any 
thickening of the capsule which did not lose its 
identity by blending with the surrounding connec- 
tive tissue. As a result the spindles could be 
readily identified throughout the period of denerva- 
tion (Figs. 10-15) and remained a conspicuous 
feature of the histological preparations. According 
to Sherrington (1894), Horsley (1897), and Willard 
and Grau (1924) the spindles retain their character- 
istic features following denervation. On the other 
hand Tower (1932 and 1935) has reported that “‘ the 
spindle fibres share in all the processes of atrophy 
and degeneration while the periaxial space is 
encroached on by connective tissue and the capsule 
becomes thickened and indistinguishably merged 
with the surrounding connective tissue”. As a 
result the spindles were much less conspicucus at 
six months and difficult to find six months later 
when degeneration was well advanced and “ the 
spindles were almost lost in the fibrosing mass that 
had been muscle”; Chor and others (1937) also 
State that “‘in the late stages, the spindles as well 
as the extrafusal fibres are replaced by fibrous 
tissue’. We never saw this picture. Batten (1897) 
could not detect any “definite atrophy” after 
three months’ denervation but recorded atrophic 
changes in the spindles of muscles which had been 
denervated for a year as the result of a brachial 
plexus injury. 


Connective Tissue 

The connective tissue was normally disposed in 
relation to the muscle fibres in the following manner. 
The entire muscle was surrounded by a layer of 
condensed areolar connective tissue, the epimysium, 
from which a large number of fine septa passed into 
the substance of the muscle. These fine septa 
divided and anastomosed in an irregular manner so 
that the muscle fibres were collected into a number 
of bundles or fasciculi which varied in size and 
shape and which were enclosed in a thin but well- 
defined layer of areolar connective tissue, the 
perimysium. Within each bundle the individual 
muscle fibres were closely packed together. Each 
fibre was invested in, and separated from its 
neighbours, by an exceedingly delicate sheath of 
connective tissue, the endomysium, which at the 
periphery of the bundle was continuous with the 
perimysium. The normal histological picture was 
such that any increase in connective tissue could 
be easily recognized. 

Following denervation a significant change could 
not be detected in either the amount or the quality 
of the connective tissue for 29 days. During this 
period the essential reaction was one of atrophy of 
the muscle fibres. Proliferation of connective tissue 
appeared first in the perimysium and later involved 
the endomysium while the deposition of new fibrillar 
material in both zones was always preceded by a 
marked increase in the number of fibroblasts. This 
great increase in fibroblasts was, together with the 
fibre atrophy, the most characteristic feature of the 
histological picture of denervation. The cellular 
proliferation in the endomysium which preceded 
any thickening of this interstitial layer produced 
large numbers of nuclei which were sandwiched 
between the still tightly packed muscle fibres. These 
nuclei were so closely applied to the sarcolemma as 
to give the impression, which could be dispelled 
only by careful examination of the tissues, that it 
was the subsarcolemmal nuclei which were pro- 
liferating. 

The fibroblastic proliferation which was first 
evident in the perimysium at 29 days had reached a 
peak at 89 days. At49 days there was a tremendous 
increase in the cellularity of the endomysium and 
the perimysium (intramuscular septa), in addition 
to being extremely cellular, was now obviously 
thickened. At 56 days the thickened perimysium 
was composed of coarser and more tightly packed 
fibres which stained more deeply though the tissue 
continued to be very cellular. At this time the very 
cellular endomysium was showing the first signs of 
thickening as the result of fibrillar deposition. At 89 
days, when the muscle and fibre atrophy were 
approaching maximal intensity, the endomysial 
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Fic. 10a Fic. 10b 






Fic. 10d 


Fic. lla Fic. 11b 


Fic. 10 (a, b, c, d).—Variations in the appearance of spindles.taken from normal control muscles. The subcapsular 
swelling and a thickened capsule are frequently observed in normally innervated muscles. 


Fic. 11 (a and 5).—Pronator teres. Duration of denervation 112 days. Percentage muscle atrophy 72. Two 
spindles separated by only a few millimetres and taken from the same section ; differences in the appearance 
of two adjacent spindles are apparent. 
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Fic. 12 








Fic. 14 








Fic. 15 


Fic. 12.—Flexor carpi ulnaris. Duration of denervation 198 days. Percentage muscle atrophy 68. 
Fic. 13.—Pronator teres. Duration of denervation 229 days. Percentage atrophy 74. 

Fic. 14.—Pronator teres. Duration of denervation 280 days. Percentage atrophy 78. 

Fic. 15.—Flexor carpi ulnaris. Duration of denervation 485 days. Percentage atrophy 69. 


thickening had progressed to such a degree that the 
individual muscle fibres were now separated from 
one another instead of being packed tightly 
together. From 89 days onwards there was little 
further thickening of the endomysium and peri- 
mysium. The connective tissue remained extremely 
cellular as far as the last examination at 485 days, 
though many of the nuclei in the perimysium had 
assumed an elongated spindle and pyknotic form 
at 185 days. Like Bowden and Gutmann (1944) 
we also observed variations in the amount of con- 
nective tissue deposited in specimens denervated 
for the same time so that the fibrosis is not solely 
dependent on the latter. 

The increase of connective tissue which became 
conspicuous at two months in the opossum only 
became so in Bowden and Gutmann’s (1944) 


human material from four months onwards. A 
** considerable increase in connective tissue’ was 
not recorded by Gutmann and Young (1944, 
rabbit) until five months, while Willard and Grau 
(1924) were unable to detect any increase after 
63 days’ denervation in the mouse. In Tower’s 
material (1935, cat interosseus), however, cell pro- 
liferation was evident at two weeks, was still 
increasing at two months but, unlike in our material, 
the fibre element was everywhere on the increase 
at one year. 

The connective tissue growth observed in our 
material did not result in any disorganization of the 
internal architecture of the muscle. The final 
picture was one in which the septa outlining the 
bundles were composed of greater amounts of 
connective tissue while the intervals between the 
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atrophied fibres were occupied by a thickened 
endomysium. This connective tissue growth was 
never invasive and at no stage were atrophying 
muscle fibres replaced by fibrous tissue ; this only 
occurred in those rare instances when the fibre 
degenerated. Adipose tissue was observed in some 
denervated muscles but when present it was un- 
related to the duration of denervation. Furthermore 
the histological picture of the denervated material 
and the results of a comparison with normal controls 
supported the belief that the denervation was not 
responsible for the presence of the fat. Others, 
however, have reported the appearance of fat as a 
denervation phenomenon (Krauss, 1888, rabbit ; 
Grund, 1912, dog; Audova, 1923, rabbit ; Chor 
and others, 1937, macaque; Altschul, 1942, 
rabbit; Gutmann and Young, 1944, rabbit ; 
Bowden and Gutmann, 1944, human muscle). 


Vascular Changes 


Some arterial thickening was observed in one 
specimen at 224 days and in another at 485 days 
but the lumen of the involved vessels was patent. 
In the remaining specimens there was no trace of 
obliterating and obliterated vessels nor was there 
any evidence of vascular stasis. In fact the vascular 
picture in our material was, with the exceptions 
noted, well within the range of normal variation. 

An early thickening of the arteries of denervated 
muscles with narrowing of the vessel lumen was 
described by Kopits (1929), Tower (1935), Chor 
and others (1937), and Bowden and Gutmann (1944). 
In Bowden and Gutmann’s material these changes 
became accentuated after one year’s denervation so 
that ultimately arteries were obliterated and many 
capillaries were ‘“‘ squeezed and stretched out of 
existence’. We are unable to account for the 
absence of these changes in the opossum. 


Intramuscular Nerves 


Degenerating myelin and axoplasm were observed 
in the nerve fibres at nine days. Most of the endo- 
neurial tubes were almost clear of debris by the 
twenty-ninth day ; an occasional tube in a dener- 
vated median nerve still contained some debris at 
112 days. Tubal atrophy occurred progressively 
with increasing periods of denervation but tubes 
were still visible at the conclusion of the investigation 
though none exceeded 2y in diameter ; at this time 
the pathways of the denervated nerves were still 
well-delineated. 

In Bowden and Gutmann’s (1944) human material 
the original pattern of innervation was maintained as 
far as the first year though after the fourth month 
it was difficult to follow individual tubes. Further 
denervation considerably altered the pattern which 


underwent a steady distortion and obliteration as 
the result of the proliferation of connective tissue 
and intraneural fibrosis. A similar picture was 
observed by Gutmann and Young (1944) in the 
rabbit. 


Discussion 


Studies of the total weight loss and individual 
fibre atrophy sustained by denervated opossum 
muscle revealed that the point of maximal intensity 
for both phenomena was reached about 90 days 
after denervation. Continued denervation pro- 
duced little further change, the percentage weight 
loss remaining between 60 and 80% and the reduc- 
tion in cross-sectional area of the fibres ranging 
from 80 to 90%. Degeneration of muscle fibres 
was rarely observed so that even after 485 days 
denervation there was no significant reduction in 
their number ; there was, however, a considerable 
reduction in the amount of their contractile 
substance. The residual tissue after 485 days’ 
denervation therefore contained the original number 
of fibres and each fibre, though grossly atrophied, 
retained those histological features upon which the 
identification of striated muscle is based; they 
remained clearly defined and _ well-differentiated 
from the surrounding tissue, and though the 
striations were sometimes less prominent and 
intensely stained than normal, they survived as a 
characteristic feature of the longitudinal sections. 
Thus the end result of denervation for this period 
in the flexores carpi and pronator teres muscles in 
the opossum is not complete destruction of the 
muscle tissue with its replacement by fibrous tissue. 
As a result of the large amount of material examined 
it is concluded that the degeneration of muscle 
fibres is a rare event in muscles which have been 
denervated for periods up to 485 days. Denervation 
induced a relative and absolute increase in the 
connective tissue content of the muscle in the form of 
a thickening of the perimysium and endomysium, 
particularly the former. This increase became 
conspicuous about the forty-ninth day and involved 
the perimysium first and the endomysium later. 
A fibroblastic proliferation, which appeared between 
the sixteenth and twenty-ninth days and reached a 
peak at 89 days, preceded the deposition of fibrillar 
material. From 56 days onwards the connective 
tissue fibres became coarser and more closely 
packed until a relatively stable state was reached at 
89 days. At this time each atrophied fibre was 
enclosed in, and separated from its neighbours by, 
a greatly thickened endomysium while each fas- 
ciculus was enveloped in a thickened perimysium. 
Despite the gross fibre atrophy and the connective 
tissue reaction there was no disorganization of the 
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internal architecture of the muscle. The original 
fascicular pattern was preserved while there were no 
areas of replacement fibrosis to disturb the general 
fibre and fascicular pattern. 

From these morphological findings we are not 
prepared to speculate on the outcome of events if 
the muscle is reinnervated after such long periods 
of denervation. What does occur under such 
circumstances can only be settled by experiment 
and not by inference based solely on morphological 
findings. Such an enquiry will form the subject of 
a separate communication. 

The survival of muscle fibres under these experi- 
mental conditions should not be surprising in view 
of evidence that muscle may develop its character- 
istic features in the total absence of a nerve supply. 
Thus experimental embryology has _ provided 
numerous examples where grafted, or normal, limbs 
which have been deprived of a nerve supply during 
their development contain well-differentiated muscles 
and muscle fibres. Sherrington (1894-5) reporting 
on an amyelous foetus wrote that “the striated 
muscles and their fibres revealed no obvious 
departure from the normal although the anterior 
cornual cells of the cord were non-existent’, an 
arrangement which resembled that previously 
described by Leonowa (1893). Finally the presence 
of uninnervated muscle in teratomas possessing the 
characteristic morphological features of striated 
muscle is further evidence that a nerve supply is not 
essential for the development and preservation of 
those features upon which the recognition of 
striated muscle in histological preparations depends. 

A study of the reported denervation changes in 
other mammals suggests, with the exception of 
Tower’s account, that though there are minor 
differences from animal to animal and muscle to 
muscle, the overall picture is substantially the same. 
There appears to be general agreement between our 
findings in the opossum and those described by 
Bowden and Gutmann (1944) for human material 
with the following exceptions: a conspicuous 
increase in the connective tissue was apparent 
earlier in the opossum muscle while arterial thicken- 
ing and obliteration were not observed in this 
mammal. 

An investigation of our own denervation material 
from patients with peripheral nerve injuries, though 
they fail to provide the range and wealth of material 
which can be obtained experimentally, show a 
sequence of events which parallels that described 
in the opossum. 

It is difficult to reconcile the findings reported in 
this paper with those described by Tower (1935) who 
followed the denervation changes in the fifth inter- 
osseous muscle of the cat for a year. She described 


Cc 


more severe and destructive changes than any 
observed in our specimens. According to her a 
combination of acute degeneration occurring 
during the first six months with fibrotic dedifferen- 
tiation of the muscle fibres occurring thereafter 
deplete the muscle of its contractile elements and 
convert it into “ a structure no longer muscle at all, 
but something between scar tissue and tendon ’”’. 
We can only conclude that the profound changes 
which she reported are specific for the cat or 
for the muscle selected for study, namely the 


_ interosseous. It is to be remembered, however, 


that in her material the forelimb was totally 
denervated. Under such conditions it is reasonable 
to assume that vascular stasis and cedema would 
be a prominent feature of the dependent distal 
portion of the completely paralysed limb. Persistent 
disturbances of this nature could impair the 
nutrition of the limb and in this way modify the 
histological picture. 


Summary 


The response of mammalian striated muscle to 
denervation has been studied experimentally in the 
Australian opossum, Trichosurus vulpecula. 

The duration of denervation in the shortest 
experiment was nine days and in the longest 485 
days. 

At no stage. of denervation did the muscle give 
the appearance of becoming converted into an ill- 
defined fibrous sheet. Even after 485 days of 
denervation the general form of each muscle was 
fully retained despite a reduction in size and weight, 
and each could be readily identified and easily 
removed. Fibrillation and shortening of the 
muscles on removal indicated that contractile 
tissue had survived the denervation. 

Histological examination of the denervated 
material confirmed that the muscle fibres, though 
grossly atrophied, retained those histological features 
upon which the identification of striated muscle 
is based. 

Following denervation there was a rapid initial 
loss of weight. The muscle sustained a 30% loss 
in 29 days which by 60 days had increased to 
50 to 60%. The process then slowed and a 
relatively stable state was reached somewhere 
about 120 days from which time onwards the 
weight loss varied between 60 and 80%. 

Individual muscle fibres atrophied rapidly in the 
initial stages so that at about 60 days the average 
fibre cross-sectional area was reduced by 70%. 
The process then slowed appreciably so that 
approximately 60 days later (i.e. about 120 days 
after denervation) the atrophy had advanced only 
a further 10%. From this time onwards the 
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atrophy varied between 80 and 90°,,.. The reduction 
in the contractile component thus exceeded the 
weight loss of the entire muscle at all stages of 
denervation so that the fibres suffered more severely 
than the loss in weight of the muscle indicated. 
The latter therefore gives a false impression of the 
extent to which the contractile substance has 
reacted to the denervation. 

The subsarcolemmal nuclei showed a preliminary 
enlargement but reverted to the original elongated 
form between 90 and 120 days when the fibre 
atrophy was well advanced. There were no signs 
of nuclear degeneration and counts failed to confirm 
any nuclear proliferation. No changes could be 
detected in the nucleoli. Though some nuclei 
adopted a central position the majority retained 
their original peripheral position. The gross 
atrophy of the fibre resulted in the nuclei occupying 
much more of the cross-sectional area of the fibres 
and this often created the appearance of a centrally 
placed nucleus. 

Denervated fibres retained their characteristic 
striated appearance despite denervation for well 
over a year, though the striations were sometimes 
less prominent and intensely stained than normal. 

Surviving fibres carried an end plate regardless 
of the period of denervation. 

The degeneration of muscle fibres was rare even 
after periods of denervation of up to 485 days ; 
only two specimens showed degenerating fibres and 
signs of fibrous transformation. 

Despite some atrophy of the intrafusal fibres the 
neuromuscular spindles retained their characteristic 
morphological appearance throughout the period 
of denervation. 

A relative and absolute increase in the connective 
tissue content of the muscle in the form of a thicken- 
ing of the perimysium and endomysium, particularly 
the former, was noted. A fibroblastic proliferation, 
which appeared between the sixteenth and twenty- 
ninth days and which reached a peak at 89 days, 
preceded the deposition of fibrillar material which 
involved the perimysium first and the endomysium 
later. From 56 days onwards the connective 
tissue fibres became coarser and more closely 
packed until a relatively stable state was reached at 
89 days. At this time each atrophied fibre was 
enclosed in, and separated from its neighbours by, 
a greatly thickened endomysium while each fas- 
ciculus was enveloped in a thickened perimysium. 
Despite the gross fibre atrophy and the connective 
tissue reaction there was no disorganization of the 
internal architecture of the muscle. The original 
fascicular pattern was preserved while there were no 
areas of replacement fibrosis to disturb the general 
fibre and fascicular pattern. 
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With two exceptions the vascular picture in the 
denervated material was within the range of normal 
variation. 

The endoneurial tubes atrophied progressively 
with increased periods of denervation, but tubes 
were still visible after 485 days though none exceeded 
2u. in diameter ; at this time the pathways of the 
denervated nerves were still well delineated. 
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THE EFFECTS OF LESIONS IN THE CINGULAR GYRUS 
AND ADJACENT AREAS IN MONKEYS 


BY 
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From the University Laboratory of Physiology and the Departments of 
Neurosurgery and Neurology, Oxford 


The attention of physiologists was directed anew 
to the anterior part of the cingular gyrus by the 
reports of Smith (1944, 1945) that this area was 
concerned in autonomic responses, and the findings 
of McCulloch (1944), using local strychninization, 
that the area had a widespread cortical suppressor 
effect. Clinical interest was also aroused by the 
marked behaviour changes noted by Smith (1944) 
and Ward (1948a) in monkeys following ablation of 
this region. The animals became unusually tame 
and appeared to lose their pre-operative fear of man. 
Their behaviour towards their cage-mates was also 
changed, so that Ward spoke of their treating them 
as inanimate objects. In man localized ablation of 
the area has been reported in a few cases only 
(Ward, 1948b; Mettler, 1949). Since July, 1948, 
we have removed the anterior part of the cingular 
gyri from a number of patients ; our results will be 
reported later, since they can only be assessed by 
long-term observation. Meanwhile all we can say 
is that in advanced psychotics little temporary or 
permanent behaviour change has been noted, while 
in some obsessional psychoneurotics considerable 
improvement has occurred. There is no dramatic 
change such as is at times observed after standard 
leucotomy, and the results to date have not con- 
firmed Fulton’s suggestion (1949), based on the 
animal work, that in many successful cases of frontal 
ieucotomy in man the common factor might be a 
lesion of the cingular area. Nevertheless, the 
clinical implications of the altered behaviour in 
animals following so limited a cortical lesion 
remain important, for the question arises whether 
the therapeutic response to operation in man is 
correlated simply with quantity of frontal tissue 
damaged or with loss of function of some specific 
part of the lobe. As the fibre connexions of the 
anterior cingular area are still by no means fully 
defined in primates, and the literature includes only 
one case in which the behaviour changes in a 
monkey have been correlated with a full neuro- 


histological study of the brain, it seemed desirable 
to attempt such a correlation in a series of animals. 
We report here the behaviour and _ histological 
changes in seven monkeys following an attempt at 
strictly localized surgical lesions of area 24, the 
anterior part of the cingular gyrus. As will sub- 
sequently be seen, such restricted lesions were not 
achieved, though all lesions included a large part of 
area 24, and additional damage was in the main 
limited to adjacent areas on the medial aspect of the 
frontal lobe. 

The description of frontal lobe areas used in this 
paper follows Walker’s (1940) map of the macaque 
brain, as they provide a convenient if approximate 
means of identifying cortical areas. 


Material and Methods 


Bilateral cingular gyrus lesions were made in one 
cebus and five rhesus monkeys and a unilateral cingular 
lesion was made in one cebus monkey. The animals 
were then observed for two to 14 weeks. 


Operation.—In each case a bifrontal exposure was 
carried out under nembutal anesthesia. The dura was 
opened on one side only, and in order to gain access to 
the medial surface of the hemisphere it was usually 
necessary to divide one or more of the cerebral veins 
passing from the dorsal surface of the frontal lobe into 
the sagittal sinus. The medial surface of the hemisphere 
was retracted to expose the cingular gyri, and in two 
cases it was necessary to incise the falx to expose the 
contra-lateral gyrus. The cingular lesions were made by 
extirpation with spatula, or by destruction with diathermy 
and suction, and were | to 3 cm. long, up to 1-0 cm. in 
depth, and usually occupied the whole width of the gyrus. 
In cebus monkeys additional injury resulted from sub- 
arachnoid and subdural bleeding, to which these animals 
showed a marked tendency. 


Observation and Training.—The behaviour of the 
animals was noted at various times of the day and night, 
and by several observers. The animals were kept in a 
room along with other caged inmates and no special 
Situations were created, apart from the presence or 
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Fig. |.—Apparatus used in training 
the monkeys. 


A. Matchbox drawer. 
B. Puzzle box. 





C. Discrimination form board. 


D. Discrimination mugs. 
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absence of a cage-mate and the special conditions of 
training. Individual variations of behaviour are of 
course marked in primates, even in the same species, so 
that our sometimes brief behaviour studies, where 
response to training is concerned, must be interpreted 
with caution. Two monkeys (M.C.G. 1 and 6) were 
trained before operation, and one (M.C.G. 9) was trained 
after operation to obtain food concealed in a box with a 
clasp, or to discriminate patterns or colours by choosing 
one of several shapes on a wooden block, or one of a 
series of inverted mugs with food under it (Fig. 1). 


Histological Technique.—The Swank-Davenport modi- 
fication of the Marchi technique was used for the histo- 
logical studies of the brains. 


The Lesions 


Though the main destruction was in the anterior 
part of the cingular gyri, post-mortem examinations 
showed that the lesions were in fact more extensive, 
sometimes involving nearby parts of areas 6, 8, 9, 
10, and 25, and the corpus callosum. This damage 
was the result of (1) division of cortical cerebral 
veins, which in all but one case was necessary to 
obtain exposure of the cingular gyrus; (2) gentle 
retraction of the medial surface of the frontal lobes 
(areas 6, 8, 9, 10); (3) spread of diathermy effect 
from the cingular gyrus to adjacent parts; (4) 
secondary necrosis which follows excision of any 
part of the brain, presumably from interference with 
blood supply ; (5) shearing stresses, the result of 
post-operative herniation of the brain through the 
dural opening (Holbourn, 1944; Falconer and 
Russell, 1944). Thus, with the greatest care and 
gentleness, we have found it impossible to avoid 
additional unintended damage, which the literature 
on local cortical extirpations of the medial surface 
of the cerebral hemisphere would not lead one to 
expect. 


CASE REPORTS 


A. Bilateral Lesions 


M.C.G. 1.—Male Macaca mulatta (weight 3-5 kg.). 
An active, nervous, intelligent animal, trained to open a 
match box drawer using his thumb and index finger, 
not dominant over his cage-mate, an Erythrocebus patas 
(weight 2:5 kg.). 


Operation.—December 1, 1948. About 1-6 cm. was 
extirpated by spatula and suction from both cingular 
gyri above the genu of the corpus callosum (Fig. 2). 


Post-operative Behaviour—On December 2 the 
animal paced continually around his cage, showing 
pilo-erection which had never been observed before. 
This behaviour continued unabated for a week or ten 
days. Then it very gradually decreased until the 
animal was sacrificed on January 15, 1949. 

During the first seven post-operative days it was 
difficult to get the animal to take food from a hand held 


. retired to sit and eat in a distant part of the cage. 
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inside the cage, and he would only do so after walking 
past it several times. Although there was no disability 
of his limbs, when food was taken there was a most 
unusual tendency to use the mouth to pick it directly 
from the experimenter’s hand. The animal continued to 
pace the cage while eating, whereas before operation he 
Not 
until December 8 would he take any notice of the match 
box drawer. He then opened it with his teeth, but did 
not take the bait from inside. However, before he was 
killed he readily used his hand to take food from the box. 

In the early post-operative period if an observer’s 
hand was placed in the animal’s way as he paced round, 
he would jump over it, and continue pacing without 
backing away as he would have done before operation. 
If, as he jumped, he was flicked by the hand, he would 
jump to the top of the cage as if startled, but immediately 
resumed his circumambulations and came back to the 
hand. This abnormal conduct appeared to decrease 
pari passu with the restlessness until both had almost 
disappeared. 


Post-operative Behaviour with Cage-mate.—During his 
continuous cage-pacing M.C.G. 1 walked into or over his 
cage-mate, the cebus, whenever the latter got in his way. 
When the cebus resented this M.C.G. 1 retreated momen- 
tarily, as if frightened, but immediately walked into the 
cebus again. Eight days after the operation M.C.G. 1 
was frequently seen deliberately taking food from the 
cebus, which he had never done before operation ; and 
he was beginning to compete with the cebus in the normal 
way for a piece of food held or thrown inside the cage. 
This assertiveness continued and increased, so that by 
December 17 he was defending himself when the cebus 
attacked him for snatching food. 

During the whole of the observed period before and 
after operation no grooming took place. 


Neuro-histological Findings : Right Hemisphere.—The 
lesion on this side involved areas 24, 25, 9, and a portion 
of 10, as seen from the medial surface (Fig. 2). The 
lesions of areas 9 and 10 do not extend far on the dorsal 
surface of the hemisphere and involve mainly the medial 
part of the superior frontal convolution of these areas, 
and a small part of the middle convolution of area 9. 

The right hemisphere was sliced in an oblique coronal 
plane through the genu of the corpus callosum and the 
anterior commissure. In the white matter underlying 
the injured part of the cingular gyrus a very finely 
myelinated fibre tract can be followed to terminate in 
the medial aspect of area 9. 

Horizontal sections also show numerous degenerating 
fibres from the injured part of areas 9 and 10 streaming 
into the anterior limb of the internal capsule. Some of 
these fibres are of a very coarse and some of a very fine 
calibre. Most of the coarser fibres can be seen descend- 
ing into the medial portion of the cerebral peduncle, but 
some leave the internal capsule (posterior limb) by 
passing through the thalamus to enter the mid-brain. 
The finer fibres enter the thalamus at the level of the 
genu of the internal capsule. They then stream around 


the medial side of the anterior nucleus, thus forming its 
capsule, and some enter the anterior nucleus, while others 
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L. Fig. 2 (M.C.G.1) R. 





L. Fig. 3 (M.C.G5) R. 


i‘ Fig. 4 (M.C.G.6) R. 





L. Fig. 5 (M.C.G.7) R. 











L. Fig. 6 (M.C G.8) R. 





a Fig. 7 (M.C.G.9) R 


Figs. 2~7.—Areas in black indicate intentional damage of the cingular gyrus, while the additional unintentional damage to 
neighbouring regions, due to retraction of the hemisphere or to interference of blood supply, or to other causes, 
is indicated with dots. (L=left hemisphere. R=right hemisphere.) 
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terminate mainly in the rostral and lateral two-thirds 
of the dorso-medial nucleus. 

Numerous cells of the head of the caudate nucleus 
have undergone degeneration, and large cells of the 
rostral and external segment of the globus pallidus are 
passing through a similar process. 


Left Hemisphere.—The injury involved areas 24, 25, 
and 9 as seen from the medial surface, and has also cut 
most of the fibres of the cingulum. The hemisphere has 








Fig. 8.—Enlarged drawing of a transverse section through 
the right hemisphere of M.C.G.5. Coarse fronto- 
pontine fibres descend in the internal capsule (c.i.) 
and fine fibres enter the stratum subcaudatum to 
terminate in the anterior nucleus (a.n.), or pass 
further posteriorly to terminate in the dorso- 
medial nucleus. (L=the lesion; g.c.—remaining 
part of cingular gyrus; c.c.=corpus callosum ; 
c.n.=caudate nucleus.) 





P. GLEES, J. COLE, C. W. M. WHITTY, AND H. CAIRNS 


been sliced in a sagittal plane, which reveals the histo- 
logical changes detailed below. 

Fibres from the cingular cortex can be traced into the 
posterior portion of the orbital cortex (area 14 of 
Walker) and into area 8. Fibres in the damaged 
cingulum can be traced anteriorly into the region of the 
lamina terminalis and posteriorly to the level of the 
splenium. The number of degenerated fibres in the 
retro-splenic portion of the cingulum is still very con- 
spicuous. There is degeneration in the head of the 
caudate nucleus and in the globus pallidus similar to 
that on the right side. 

In transverse sections of the brain stem, fibres already 
traced from area 9 can be seen in a medial position in 
the cerebral peduncle and terminate in the pontine 
nuclei. No evidence for a pathway to the reticular 
substance from the cortical areas injured could be found 
at pontine or medullary level. 


M.C.G. 5.—Female Erythrocebus patas (weight 
4:4 kg.). A very docile animal who submitted to 
stroking, salivating freely when petted. Untrained. 


Operation.—February 23, 1949. Severe bleeding 
complicated the exposure of the cingular region. Two 
small lesions (total length 1-2 cm.) were made in the 
right cingular gyrus by suction. A smaller lesion 
(1 cm. long) was made in the left cingular gyrus 
approached through the falx (Fig. 3). There was 
considerable sub-arachnoid hemorrhage on the right 
side. 


Post-operative Behaviour.—Late in the first post- 
operative day a left-sided hemiplegia developed and 
severe fits occurred. By March 23, the paralysis had 
improved sufficiently for the animal to be able to walk, 
and the fits had ceased. At this stage the animal was 
slightly more restless than before operation, but she 
remained docile. She was killed on May 27. 


Neuro-histological Findings : Right Hemisphere.—The 
ablation does not involve the whole width of the cingular 
gyrus, but sections show that the residual part has been 
undercut. An adjacent part of the corpus callosum is 
also involved. In addition damage has been caused to 
areas 6 and 8 on the medial surface and, from post- 
operative swelling against the edge of the bone flap, to 
area 4 on the dorsal surface. 

The hemisphere was sectioned transversely. Degenera- 
tion of intra-cortical fibres can be traced from areas 6, 
8, and 4 (anterior part), into the uninjured portions of the 
cingular gyrus. Fibres from the cingular gyrus can be 
traced to the septal and sub-septal cortex. 

Sections through the thalamus show degenerating 
fibres coming from the white matter beneath the injured 
parts of areas 6, 8, and 24. They pass through the 
anterior limb of the internal capsule (on its medial 
border), enter the stratum subcaudatum of Sachs, and 
stream into the capsule of the anterior nucleus, where 
they are dorsal, lateral, and partially medial to the 
anterior nucleus (Fig. 8). Many fibres enter the 
anterior nucleus (Fig. 8a), but a considerable number 
also run posterior to it to terminate in the dorso-medial 
nucleus. 
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Left Hemisphere.—The lesion involves mainly a portion 
of the cingular gyrus and encroaches only slightly on to 
an adjacent part of area 6 on the medial surface of the 
hemisphere. On the dorsal surface of the brain some 
damage was seen in the motor cortex. In transverse 
sections degenerated fibres from the cingular lesion can 





a.n.—anterior. nucleus ; n.v.a.—nucleus ventralis ant.; 


c.n.=—caudate nucleus ; 
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Operation.—June 1, 1949. Lesions just over 1 cm. 
long were made in the anterior portions of both cingular 
gyri by diathermy (Fig. 4). 


Post-operative Behaviour.—The animal did both the 
puzzle box and triangle tests about eight hours after 


ve. 


c.n. 


we str. Sbe. 


_ . 
. ee 


“> 
— 
. 


str. sbc.—stratum subcaudatum ; 


v.t.=vena terminalis. 


Fig. 8a.—Photomicrograph of the anterior nucleus of M.C.G.5, right hemisphere. 
by degenerated thinly myelinated fibres which reach the anterior nucleus via the stratum subcaudatum. 


The nucleus anterior is surrounded 
The 


main point of inflow of afferent fibres to the anterior nucleus is marked by an arrow, but additional entering fibres 
come from other parts of the degenerated capsule of the anterior nucleus and appear as fine black dots within 


the substance of the nucleus. x 80. 


be traced in the white matter adjacent to the gyrus 
-cinguli as far back as the level of the splenium. Fibres 
also enter the septal cortex, the sub-callosal gyrus, and 
the gyrus rectus. Furthermore, small-sized fibre bundles 
can be traced from the lesion of the cingular cortex into 
the medial surface of areas 6a and 8. 

The caudate nucleus and globus pallidus were un- 
injured on both sides. 


M.C.G. 6.—Female Macaca mulatta (weight 4-1 kg.), 
at the beginning of the menstrual cycle. A very aggres- 
sive animal which would attack a finger poked through 
the bars of its cage and would snatch food from the 
hand roughly. Dominant over her cage-mate, a female 
macaca of the same size. Trained to open a puzzle box, 


and to distinguish a triangle from a square and a circle 
(Fig. 1). 


operation. She still showed aggressive behaviour, but 
this was less marked, her attacks being half-hearted. 
No increase in restlessness ror cage pacing was observed. 
She approached humans more readily than before when 
offered food by hand, and took it more gently. She 
remained dominant over her cage-mate, and could always 
get food first, but was less aggressive than before 
operation. No grooming by this animal was observed 
either before or after operation, but pilo-erection, not 
seen before operation, was observed while the monkey 
was sitting quiet in a corner from the first post-operative 
day onwards. 


No further behaviour changes were observed before 
the animal was killed on June 22. In the three weeks after 
operation she never became as aggressive as she had 
been before. 
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Neuro-histological Findings : Right Hemisphere.—The 
lesion involves the cingular cortex in its most anterior 
portion ; there is also a slight involvement of Walker’s 
area 25. Transverse sections show degenerated fibres 
Streaming ventrally from the site of lesion towards the 
orbital cortex. They terminate in the gyrus rectus. 


Left Hemisphere.—The lesion involves the pre- 
callosal part of the left cingular gyrus ; there is also a 
slight injury to area 10. Saggital sections show fibres 
from the injured zone passing to the sub-callosal gyrus 
and into the posterior portion of the orbito-frontal lobe. 
Furthermore, degenerated fibres pierce the corpus 
callosum and enter the septal cortex, while others 
terminate in the medial aspect of the superior frontal 
convolution (6A). 

The caudate nucleus and globus pallidus are intact on 
both sides. 


M.C.G. 7.—Female Macaca mulatta (weight 3-9 kg.), 
about to begin menstruation. Very wild, nervous and 
totally uncooperative but not aggressive. Untrained. 


Operation.—June 15, 1949. Small lesions were made 
by diathermy (right 1 cm., left 1-2 cm. long) (Fig. 5). 


Post-operative Behaviour.—On the evening after the 
operation the animal was so tame that she took food 
from a hand inside the cage and came readily to the 
front of the cage when offered food through the bars. 
This had not occurred before. When frightened she 
vociferated loudly and shrilly, which she had not done 
before ; there was also marked pilo-erection and the 
animal grimaced more frequently ; but this reaction did 
not prevent her returning to the hand for more food. 
All these behaviour changes persisted until the animal 
was killed on July 2. There was no obvious motor 
disability and no hyperactivity. 

On the day after operation a small blister was noticed 
surrounding the right nipple. On the following day it 
had broken. No ulcer developed. 

Neuro-histological Findings : Right Hemisphere.—The 
anterior portion of area 24 and a small portion of areas 
25 and 9 were injured ; there was also an injury to the 
arm area of the motor cortex, probably due to pressure 
against the edge of the bone. The lesion of the cingular 
gyrus extends posteriorly to the level of the genu which 
is also slightly damaged. In transverse sections fibres 
can be traced from the damaged areas into the gyrus 
rectus and into area 9 dorsally. There is a little degenera- 
tion in the cingulum of very fine calibre fibres. The 
cortico-spinal system of this side shows a conspicuous 
number of degenerated fibres. The caudate nucleus and 
globus pallidus on this side were uninjured. 


Left Hemisphere.—The lesion involves the anterior 
portion of areas 24, 25, and 9, with some encroachment 
on to area 10. In horizontal sections fibres can be traced 
from the cingular gyrus into the septal cortex. Only 
very few degenerated fibres are present in the cingulum. 
Numerous fibres from the injured zones of areas 9 and 10 
run in the medial aspect of the anterior limb of the 
internal capsule, leave the internal capsule at its genu, 
and terminate mainly in the medial nucleus of the 
thalamus. 
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Some cortico-fugal fibres of coarse calibre from the 
injured portions of areas 9 and 10 terminate at pontine 
level. Fibres from the injured motor cortex can be 
traced down to the lumbar level of the cord. 

There was some cell degeneration in the head of the 
caudate nucleus. The globus pallidus was intact. 


M.C.G. 8.—Elder!y male Macaca mulatta, 10-12 years 
old and weighing 11-7 kg.; rather gentle and lethargic. 
He took food readily from the hand and retreated 
grimacing when a bar was poked into his cage, showing 
no evidence of aggression. When a half-grown female 
macaca was placed in the cage he completely ignored her 
and made no attempt at sexual behaviour, and allowed 
her to take food. He could only be induced to attack 
if his face was blown into. Untrained. 


Operation.—July 13, 1949. A lesion was made in the 
left cingular gyrus extending forward from the motor 
cortex area for about 3 cm. by diathermy. A similar 
lesion was made on the right side (Fig. 6). 

Post-operative Behaviour.—Very little change took 
place in this old animal’s behaviour, in spite of the large 
size of the lesions. For two days after operation he 
appeared unresponsive and unwell, but by the third 
day he had recovered. He remained mainly lethargic, 
but was slightly more active than he had been before 
operation. There was no cage-pacing. He took food 
gently from the hand as before, but no longer attacked 
when his face was blown into. Considerable pilo- 
erection, not seen before, was observed from the first 
post-operative day onwards. 

A half-grown operated female Macaca mulatta animal 
(M.C.G. 9) was put in the cage on July 16. He took no 
notice of her, until she paced over his food dish when he 
was eating, then he gripped her in his hands and attempted 
to bite. He did her no harm and quickly let her go, but 
repzated this behaviour when she again paced over his 
food. 

No further behaviour changes were observed up to the 
time the animal was killed on July 27, 1949. 

In the second post-operative week two large ulcers 
(each 5 by 2:5 cm.) were observed on the chest and right 
thigh. 

Neuro-histological Findings : Right Hemisphere.—The 
lesion on the right side involves areas 24, 6a, and 8 on 
the medial surface. The lesion of area 24 has penetrated 
the total depth of the gyrus and also the adjacent 
white matter. The forceps minor of the corpus callosum 
is damaged as well. 

Left Hemisphere.—The lesion on this side is slightly 
more extensive than on the right, but covers essentially 
similar cortical areas, and a portion of the corpus 
callosum. No cortical injury could be observed on the 
dorsal surface of the cortex of either hemisphere. 

Most of the Marchi sections of both hemispheres 
proved to be a failure, due to insufficient penetration. 


M.C.G. 9.—Female Macaca mulatta (weight 3-1 kg.), 
sexually rather immature, very timid, retreating to the 
corner of the cage when offered food. Habitually 
sucked her middle finger. Dominated by larger female 
cage-mate. 


No training attempted before operation. 
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Operation.—July 6, 1949. Three separate lesions 
made by diathermy in the left cingular gyrus, in all about 
24 cm. in length. A large lesion was also made in the 
right cingular gyrus, but in this case only 1-7 to 2 cm. 
in length (Fig. 7). 


Post-operative Behaviour.—Immediately after operation 
the monkey was markedly restless and was also clumsy 
in her movements. As she circumambulated she 
walked head-on into the “* perspex” sides of her cage. 
When offered carrot she took it from the hand and even 
came across the cage to do so. Almost invariably she 
took the bait with her mouth, lurching forward and often 
missing the hand in an ataxic manner. This ataxia was 
probably unconnected with the specific lesion, as it is 
often noted during the first few post-operative days of 
any extensive intracranial procedure in monkeys. It 
was possible to stroke her as she paced the cage. Pilo- 
erection, not seen before operation, was observed from 
the first post-operative day. 

A week later she was more hesitant about taking food 
and could not be stroked. Her movements were now 
less ataxic. Marked pilo-erection persisted. 

During the whole of the first fortnight after the 
operation the animal was not observed sucking her 
finger, and she almost always took food from our hands 
with her teeth. With time her timidity appeared to 
return, but the tendency to the oral approach persisted 
for at least six weeks, especially after she had been 
frightened. At the end of three weeks finger-sucking 
had re-appeared, the oral approach to proffered food had 
almost been abandoned, and timidity had increased ; 
but a fortnight later it was more easily overcome by 
routine training than would have been expected from her 
pre-operative behaviour. No increase in vocalization 
was noticed. 

Post-operative Behaviour with Cage-mate.—As soon 
as her general condition permitted, on July 16, this 
monkey was put in with M.C.G. 8. Although no longer 
ataxic she would knock into him, and pace right over 
his food. When this led to an attack she backed away 
and grimaced, but immediately repeated the offending 
act. On August 11, when placed with her pre-operative 
cage-mate, she was submissive and was bullied in the 
food situation, but she no longer walked into her cage- 
mate. No grooming was observed between these two 
animals, either before or after operation. 

Twelve weeks after operation she was put into a cage 
with a small, timid male Macaca mulatta of her own 
size. On the following day she was observed both 
grooming and being groomed, also taking an active part 
in sexual behaviour. In the feeding situation neither 
monkey was dominant. 


Post-operative Learning.—During ten days on which 
training was given, beginning five weeks after operation, 
the monkey learnt four discrimination tests* with an 


* M.C.G. 9 was trained to four discrimination tests: (1) To dis- 
criminate position by always selecting the centre of three mugs of the 
Same colour presented in a row ; (2) to discriminate between a red 
and a green mug by always selecting the green ; (3) to discriminate 
between a circle and a triangle painted on mugs, selecting the mug 
on which was the triangle ; (4) to discriminate between one | in. spot 
and two | in. spots painted on mugs by selecting the mug on which 
were the two spots. 


185 


average of 125 trials for each test. This did not differ 
much from the results in four intact animals of approxi- 
mately the same age (two macacas, two erythrocebus), 
who learned in an average of 23, 85, 104, and 153 trials. 
However, in learning a tendency to perseverate to a 
greater degree than had been noticed in the intact 
animals was observed. The animal was killed on 
October 18, 1949. 


Neuro-histological Findings : Right Hemisphere.—The 
lesion of the cingular area is somewhat smaller than on 
the left side, but it extends into areas 6 and 8, with an 
infringement of the dorsal part of area 9. 


Left Hemisphere.—The lesion involves the greater part 
of area 24 in the cingular region, and encroaches upon 
areas 6 and 8 with infringement of area 9 (medial surface). 

On the dorsal surface of each hemisphere the medial 
portion of the motor area has been slightly damaged. 

For histological purposes the right hemisphere was cut 
horizontally and the left sagittally. The histological 
examination of both hemispheres confirmed the findings 
in M.C.G. 1, where the lesions were similar ; as in that 
case, this one also showed a bilateral involvement of the 
tip of the caudate nucleus. 

Degenerating fibres from the small area of damage in 
the motor cortex on each side could be followed down to 
spinal cord level. No fibre degeneration from the 
cingular gyrus ending in the reticular substances could 
be found. 


B. UNILATERAL LESION 


M.C.G. 4.—Male Erythrocebus patas (weight 1-8 kg.). 
An untrained animal, but sufficiently tame to take food 
from the hand through the cage bars. Not dominant 


over his cage-mate, a similar male cebus (2-5 kg.) with 
very similar reactions. M.C.G.4 had previously been 
used for a motor cortex undercutting experiment. 








Fig. 9.—Extent of lesion in M.C.G.4. (L.) 


The mugs were inverted and screened from the animal’s view by a 
shutter. The bait was placed under the mug which the monkey was 
trained to select, and the shutter was then lifted. Except in test 1, 
the position of the mug of the colour or design to which the monkey 
was trained was changed with that of the other mug in an irregular 
sequence. The monkey was considered to have learnt to discriminate 
when it had made ten consecutive correct choices. 
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Operation.—March 16, 1949. A lesion was made by 
diathermy in the anterior portion of the left cingular 
gyrus just over | cm. in length (Fig. 9). 


Post-operative Behaviour.—His reaction was quite 
different from that after his previous operation. Some 
restlessness with a tendency to circumambulation, which 
increased if the animal was stimulated, was most notice- 
able ; but he never walked into and over his cage-mate 
as M.C.G. | had done. He continued to take food from 
the hand. He seemed rather more aggressive than 
before operation, and became dominant over his cage- 
mate. 


to the anterior part of area 6 and the posterior portion of 
area 8: and from the injured portions of area 6 and 
possibly area 4 fibres terminate within the cingular 
cortex. 

The injury to the cortico-spinal system is clearly 
outlined and degenerating fibres can be traced from 
area 4 down as far as the lumbar cord. 

There is degeneration in the globus pallidus, cellular 
in nature, which is clearly marked in the anterior part of 
the external segment. More posteriorly, at the level 
of the motor cortex, numerous cells of the internal 
division are Marchi positive ; but the caudate nucleus 
is intact. 





The symbol >—~< 
indicates a two- 
way connexion. 


A.N.=Anterior 
nucleus. 


S.= Septal cortex. 








Fig. 10.—Diagram showing medial aspect of a right hemisphere illustrating the connexions of the cingular cortex found 
in our experiments. 


He tended to revert gradually to his pre-operative 
state, and when he was sacrificed on April 29, his rest- 
lessness was barely noticeable, and his behaviour less 
aggressive. 

Thirteen days before this operation, a motor cortex 
lesion had been made on the left side to study the 
combined effect of lesions to 4 and 24: the results of 
the motor cortex lesion (paralysis of the hand) had 
subsided before the second operation, and only the 
absent placing reaction on the right showed that cortical 
damage had been done. 


Neuro-histological Findings.—The lesion of area 24 
in this case involved the left hemisphere only, and in 
addition slight damage was caused to the medial surface 
to the anterior part of 6. Transverse sections show that 
the cingular cortex injury caused degeneration of fine 
fibres, some of which turn into the cingulum, but cannot 
be traced very far in a posterior direction. The damaged 
area sends small, but very well-defined bundles of fibres 


Discussion 


Histology.—Although no pure area 24 lesion was 
achieved in these animals, the Marchi preparations 
clearly reveal the efferent pathways from this area. 

Numerous intracortical connexions are seen 
(Fig. 10). From the supracallosal part of area 24 
they stream into the septal cortex, and partially 
through the septal cortex into the subcallosal gyrus 
and posterior portion of the gyrus rectus, or area 14 
of Walker. This is of particular interest as it may 
give anatomical support to earlier physiological 
work suggesting such pathways. Thus Smith (1945), 
Livingston, Fulton, Delgado, Sachs, Brendler, 
and Davis (1948a), Kaada, Pribram, and Epstein 
(1949) and others have shown in the monkey that 
vascular and respiratory responses were obtainable 
from a continuous stretch of cortex including the 
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cingular cortex and the posterior orbital surface of 
the frontal lobe. Similar observations in man 
have been made on the orbital surface of the frontal 
lobe by Livingston, Chapman, Livingston, and 
Kraintz (1948b), Chapman, Livingston, and Living- 
ston (1949), and on area 24 by Pool and Ransohoff 
(1949). Furthermore, in our animals well-defined 
small fibre bundles could be traced from the cingular 
lesion into the lower lip of the superior frontal 
convolution, a region which may be identical with 
the “cingular belt” demonstrated by Bailey, 
von Bonin, Davis, Garol, McCulloch, Roseman, 
and Silveira (1944) by physiological neuronography. 

Fibres from the anterior portion of area 24 can 
also be followed for a considerable distance pos- 
teriorly, above the splenium, into area 29, and 
two-way connexions are seen to other adjacent 
areas (Fig. 10). 

Fibres from the posterior part of the area termin- 
ate in the anterior nuclei of the thalamus in three of 
our animals (M.C.G.1, 9, and 5). There has been 
considerable difference of opinion about these 
connexions. Griinthal (1939) assumes that in 
primates the anterior nuclear mass of the thalamus 
projects mainly to the frontal granular cortex, and 
not to the cingular region. On the other hand, 
Le Gros Clark and Boggon (1932-33), showed that 
in the cat and rat the whole length of the cingular 
gyrus receives fibres from the anterior nucleus. 
Later, in only one monkey, the same authors 
(1934-35) found connexions between the cingular 
gyrus and the anterior thalamic group. Their 
work was confirmed by Walker (1938), again on a 
single animal, and later for man by the post- 
leucotomy studies of Meyer, Beck, and McLardy 
(1947). However, as Meyer and his colleagues 
have pointed out, there is a discrepancy between the 
anatomical investigations and the physiological 
studies of Bailey and others (1944), who found only 
the posterior and the inferior part of the gyri 
cinguli projecting to the anterior thalamic nuclei. 

Our findings in three monkeys support the claims 
of Le Gros Clark and others that there is a connexion 
from the cingular area to the anterior nucleus. 
Our main lesions were in the cingular gyrus, and, 
furthermore, cortical injury which did not infringe 
the gyrus cinguli shows no Marchi granules in fibres 
from the injured cortical areas to the anterior 
nucleus. It is therefore probable that these cortical 
thalamic fibres come from the cingular gyrus, and 
not from the additional cortical injury. 

Of further interest is the question whether in 
monkeys the whole cingular gyrus sends fibres to or 
receives fibres from the anterior nuclei. In the 
three monkeys which show the connexion most 
Clearly the lesions reach comparatively far back, 


and extend into area 23. Our material does not 
show connexions between the anterior portion of 
the gyrus around and below the genu, and the 
anterior nuclei of the thalamus. 

In view of the demonstration of a suppressor 
function in area 24 (Bailey and others, 1944; 
McCulloch, 1944; Smith, 1945; Kremer, 1947), 
we have searched for myelinated pathways from 
area 24 to subcortical centres. Neurophysiological 
observations have suggested a pathway from area 24 
to the reticular substance (Smith, 1945; Magoun 
and Rhines, 1947), and in one of his monkeys with 
a lesion of area 24, Ward (1948a) found Marchi 
degeneration reaching the reticular formation of 
the pons. We are unable to confirm this finding. 
As has already been pointed out, it is difficult to 
make a pure lesion of area 24. The Marchi 
material of Ward’s case is not free from additional 
cortical damage, and in none of our cases was the 
lesion strictly confined to that area. However, in 
one of our animals (M.C.G.6) there was an almost 
pure lesion of area 24, and in this case no fibres 
could be traced down into the reticular substance 
of the pons and medulla. The involvement of 
fronto-pontine fibres from areas adjacent to the 
cingular gyrus makes it very difficult to define 
whether frontal fibres end among pontine nuclei or 
in the reticular substance, and only a method for 
staining degenerating aborizations can decide this. 
A continuous cortical downstream of fibres is 
usually myelinated, and the failure to demonstrate 
a cortico-reticular pathway with a Marchi method 
may indicate that the route has relays in between. 
Ward also described Marchi degeneration as 
occurring in the medial longitudinal bundle, but 
this bundle even in the normal state contains 
Marchi positive granules. Similar granules can 
often be seen in the reticular substance for no 
apparent reason, and should not be mistaken for 
the anatomical substratum of a pathway so far only 
demonstrated by neurophysiological methods. 

None of our lesions caused degeneration in the 
fasciculus subcallosus. The point is mentioned as 
degeneration in this tract has been noted in certain 
frontal leucotomy cases in man (McLardy, personal 
communication). 

The foregoing findings give information about 
the efferent connexions of the area. We have also 
gained some evidence of the afferent pathways 
derived from the study of fibres running from the 
zones of unintentional damage in other cortical 
areas. We found fibres from lesions in areas 4, 6, 
8, 9, 10 of the superior frontal convolution descend- 
ing into the anterior cingular region. Some of these 
may represent the pathway from the frontal suppres- 
sor areas, such as 4s and 8s, found by strychniniza- 
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tion experiments in the monkey (Bailey and others, 
1944). 

The cingulum itself seems to be a fibre tract which 
is not so intimately related to the gyrus cinguli as 
some have thought, an observation already made 
by Beevor (1891). When the cingulum was injured 
we could trace fibres into the retrosplenic area, but 
not into the occipital part of the fasciculus longi- 
tudinalis inferior. Rostrally, the fibres of the 
cingulum turned round the genu of the corpus 
callosum and could be traced into the region of 
the anterior perforated space. 

In general our material suggests that the anterior 
part of the cingular gyrus, which includes most of 
area 24, has chiefly intracortical connexions. The 
more posterior part of area 24 and adjacent region 
of area 23 have thalamic connexions. This finding 
deserves consideration, as it throws doubt on the 
current conception that the anterior cingular cortex 
has thalamic connexions. If confirmed it would 
associate the anterior cingular region with the orbital 
frontal cortex of the frontal lobe, rather than with 
the thalamo-cortical projection areas. 


Behaviour.—Two marked behaviour changes were 
noted in these animals : first, increased restlessness 
and hyperactivity, and secondly, something which 
can best be described as loss of their previous 
apprehension to certain aspects of their environment 
—what Smith (1944) has termed “ tameness ” and 
Ward (1948a) “‘ loss of shyness of man”. The two 
changes did not both occur in all animals, though 
the latter was almost constantly present for a time. 

The restlessness will be discussed first, as it is more 
objective and clearly defined. It was most striking in 
two monkeys (M.C.G. | and M.C.G.9) and showed 
itself as a continual, restless pacing of the cage. 
The restlessness appeared to be independent of 
outside stimuli and would persist during feeding. 
It came on immediately after operation, unlike the 
delayed hyperactivity noted by Freudenberg, Glees, 
Obrador, Foss, and Williams (1950), and others in 
leucotomized animals, and was most marked during 
the first two post-operative weeks. Thereafter it 
gradually subsided. 

Fulton, Jacobsen, and Kennard (1932) noted such 
a hyperactivity following frontal lobe lesions. 
Richter and Hines (1938) studied it in more detail, 
and concluded that an immediate post-operative 
restlessness occurred when damage to the tip of the 
caudate nucleus was associated with a lesion of the 
frontal cortex. However, Kennard, Spencer, and 
Fountain (1941), studying both caudate nuclear and 
large bifrontal cortical lesions, did not agree with 
Richter and Hines’ suggestion. The well-marked 
cellular degeneration in the caudate nuclei in 


P. GLEES, J. COLE, C. W. M. WHITTY, AND H. CAIRNS 


M.C.G. | and 9 lends support to the view of Richter 
and Hines that bilateral injury to the caudate nuclei, 
in addition to that of the frontal cortex, is necessary 
to produce this pattern of behaviour, while a 
unilateral involvement of the caudate nucleus, as in 
M.C.G. 7, has no such effect. In view of the 
physiological evidence that this nucleus may be an 
important part of the cerebral suppressor circuits, 
this point clearly requires further investigation. 

The second and more constant change needs more 
detailed description. The animal appears fully 
aware of its environment, but its previous emotional 
reactions to its surroundings are changed. It will 
approach the human hand more readily to take food. 
If the hand is held in the cage the animal will 
continue its previous activity, even if this involves 
jumping over the hand. Moreover, if while doing 
this the hand flicks it smartly in the belly, it will 
retire for a moment to the back or roof of the cage, 
but almost immediately resumes its jumping over 
the hand. If some object, such as an iron bar, is 
poked into the cage it will retire momentarily to the 
back, but at once resumes its previous activity and 
ignores the bar as if it were a part of the cage. 
Even more striking, it will treat its cage-mate also 
as it does an inanimate part of the cage, leaping 
over it, knocking into it, sitting on it, and taking 
food from its hands. When the cage-mate shows 
signs of resentment, the other animal will retire 
momentarily, only to return again at once, and 
maybe repeat the offending act. All this makes a 
striking contrast to its own pre-operative behaviour, 
or to that of a normal animal. 

It is difficult to find a single phrase to cover this 
behaviour: there seems to be, for the time being 
in the first weeks after operation, a loss of sense of 
danger, either from animate or inanimate objects. 
Sensibility and motor power seem unimpaired, and 
the appropriate stimulus—a flick of the observer’s 
hand or an attack from its cage-mate—induces the 
appropriate withdrawal promptly. What seems 
lacking is the normality—particularly in its persist- 
ence—of emotional response to animate objects, 
with the awareness of potential dangers inherent in 
such objects. Apparent loss of fear, increased 
tameness, reduction of aggression, repetition of acts 
likely to provoke unpleasant reactions from cage- 
mates, would all tend to follow from this. In the 
jungle such a deficiency would not be consistent 
with survival of the animal : a fundamental function 
has for the time being been lost. The change is 
reminiscent of that noted by Bucy (1941) in animals 
following bitemporal lobe lesions. Such monkeys 


would pick up and carry to the mouth such an 
object as a living snake which would previously 
have caused a reaction of extreme terror. In 
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discussing this, Bucy quotes Papez’ (1937) conception 
of the “‘ emotional mechanism” consisting of the 
hypothalamus, the anterior thalamic nuclei, the 
hippocampus, and the gyrus cinguli. There is also 
some resemblance to the human _ lobotomized 
patient who is still aware of his obsessions or his 
pains, but is without persistent affective response to 
them, and the apprehension this would cause. 
Few other convincing behaviour changes were 
noted, for individual differences between one 
animal and another of the same type, and even 
between the same animal’s performance under 
slightly changed external conditions, make anything 
short of a full study of perceptual or learning ability 
unreliable. With this proviso, in one animal 
learning ability appeared to be maintained at its 
expected level post-operatively, and in two others no 
loss of previous learning was noted. This contrasts 


_ with the results of Harlow and Settlage (1948) in 


monkeys with extensive bilateral removals of areas 
8,9, 10, 11 and 46. 

The significance of the observation that two of our 
animals for a time post-operatively took food 
directly by the mouth rather than by the hand is 
obscure. It did not appear to depend on any 
neurological lesion of hand movement. This “ oral 
approach ” was also noted by Bucy (1941) in animals 
with temporal lobe lesions. 

In the very old monkey an extensive bilateral 
removal of the anterior cingular area produced very 
little change in behaviour, a result which may be 
linked with the fact that the animal was at least 
10 and possibly 12 years old. 

In the single case of unilateral removal, there was 
some restlessness noted, but in other respects the 
behaviour differed from that in the bilateral lesions ; 
the animal remaining aggressive and apprehensive. 


Autonomic Changes.—Of autonomic changes, pilo- 
erection was found in all our monkeys, as previously 
reported by Smith (1944; 1945), Kremer (1947), 
and Ward (1948a); it may be further noted that 
conspicuous salivation consequent upon emotional 
stimuli to M.C.G. 5 pre-operatively, ceased post- 
operatively only to reappear six weeks later. 


Conclusions.—Although the lesions involved more 
than area 24, they all occupied only a relatively small 
portion of the medial surface of the frontal lobe. 
A tentative correlation of these limited lesions with 
the striking behaviour changes noted seems justified 
by the histological findings; but, as has already 
been pointed out in the case histories, all behaviour 
changes, even such marked features as restlessness 
and tameness, slowly subsided, and disappeared 
completely in the longest survivor (M.C.G. 9) after 
three months. It seems that the cortical lesions 


have only a temporary effect on the animals, and 
some compensatory mechanism restores their pre- 
operative behaviour pattern. 

Such marked behaviour changes, especially in 
emotional reaction to external environment, 
following so relatively limited a lesion of the cortex, 
have implications for the therapeutic operations on 
the frontal lobe at present used in psychiatry. The 
brevity of the changes noted in our animals may also 
be relevant, for the results of operation in man may 
be similarly short-lived, but still allow other psychi- 
atric treatment to be effectively applied during the 
early post-operative period. 


Summary 


Lesions of the anterior cingular gyrus (area 24), 
with varying involvement of neighbouring areas, 
but still comprising a limited lesion of the medial 
frontal surface of the hemisphere, were made in 
five rhesus and two cebus monkeys: one was 
unilateral, the remainder bilateral. 

The animals were subsequently observed for two 
to 14 weeks. Behaviour changes noted by other 
workers were confirmed. In all but two, a 
very old monkey with bilateral lesions, and the 
monkey with a unilateral lesion, there was an 
increased tameness and reduction of aggressiveness, 
with apparent loss of the sense of danger. These 
changes tended to disappear after a few weeks. 
Continual restless pacing occurred in three animals 
and also gradually subsided after two weeks. 

Fibre connexions of the anterior part of area 24 
could be demonstrated by the Marchi method into 
areas 6, 8, 9, 10, and 29, and into the anterior border 
of area 4. Most of these areas also send fibres back 
into the cingular cortex. From the posterior part 
fibres pass into the anterior nucleus of the thalamus. 


Our thanks are due to Miss G. Smith, Mr. T. Marsland, 
Mr. N. Watters, Mr. R. Bannerman, and Mr. B. Alibone 
for technical assistance. 
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NORMAL MENTALITY ASSOCIATED WITH A MALDEVELOPED 
* RHINENCEPHALON ” 
BY 
P. W. NATHAN and MARION C. SMITH 


From the Neurological Research Unit of the Medical Research Council, National Hospital, 
Queen Square, London 


In 1937 Papez published his. views on the 
functions of the gyrus fornicatus. He summarized 
them as follows. 


** It is proposed that the hypothalamus, the anterior 
thalamic nuclei, the gyrus cinguli, the hippocampus, 
and their inter-connexions constitute a harmonious 
mechanism which may elaborate the functions of 
central emotion, as well as participate in emotional 
expression.” 


Bilateral temporal lobectomies performed on 
monkeys by Kliiver and Bucy in 1939 gave evidence 
supporting Papez’ general hypothesis. The effects 
of extensive lesions of the hippocampus-fornix 
system in cats and dogs were reported by Spiegel, 
Miller, and Oppenheimer (1940); restricting the 
extent of the lesions, they found that “ definite 
outbursts of rage were observed after bilateral 
destructions of the amygdaloid nuclei”. Further 
experimental investigations on the gyrus fornicatus 
and its connexions were carried out by Bard and 
Mountcastle (1948). They found that “sham 
rage’, which usually occurs in cats as a result of 
the removal of the cerebral cortex, did not occur 
if the rhinencephalon and the gyrus cinguli were 
left intact; when these structures, or the gyrus 
cinguli alone, were removed later, typical “‘ sham 
rage’’ appeared. When both hippocampi were 
removed from cats “‘ an exaggeration of pleasure 
reactions ” appeared, and cats which were unfriendly 
before operation became friendly and demonstrative. 
Gerebtzoff (1941) investigated the distribution of the 
fornix in the guinea-pig and rabbit. Allen (1944) 
traced the fibres of the fornix by means of the 
Marchi method in dogs. Brodal (1947), and Le 
Gros Clark and Meyer (1947) delimited the parts 
of the brain which receive olfactory connexions 
from the rest of the gyrus fornicatus. As the 
abnormality in the specimen to be described is 
within the parts of the telencephalon which have 
been the object of these investigations, it seemed 
desirable that its features should be recorded. 


Case Report 


The specimen is the brain of a man, aged 34, who died 
of a chondrosarcoma of the ileum. He was one of a 
series of cases under investigation in a programme of 
research concerned with operations for the relief of 
pain. As many hours had been devoted to the testing 
of sensation and the discussion of signs and symptoms, 
our knowledge of the patient, which extended over a 
period of six months, was much greater than that 
acquired in most routine cases. 

No abnormality of development had been suspected 
during the patient’s life, for he came well within normal 
limits from intellectual and psychological points of 
view. His mother had remained well during pregnancy, 
and his birth was normal. There were no external 
congenital abnormalities and no clinical evidence of 
abnormality in his nervous system was found. 

From our knowledge of the patient, we would consider 
** easy-going’ as an apt description of his personality ; 
his mother described him as lazy. He was always 
sociable and very popular, ready to joke, and of a 
sympathetic nature. He was obviously intelligent ; 
his mother said: ‘* He was as sharp as a needle, but a 
bit lazy’. He had left school in the top class, although 
he did less well than his siblings. In reply to questioning, 
his mother said he did not have atemper. ‘* He wouldn’t 
bother to lose his temper’; he was never angry, and 
never grumbled. What he enjoyed most was betting 
at greyhound races ; and he would spend much of his 
time with people connected with the race-track. He 
also liked painting, drawing, and making rugs. His 
work before the war, which was window-dressing, was 
on the same social and financial level as that of his 
father and siblings. He served in the Army for five years 
of the recent war, remaining a private soldier throughout. 
He remained unmarried, although there had been one 
or two friendships with girls. 

It is to be noted that he possessed a normal sense of 
smell. No congenital abnormality was found post 
mortem in any part of the body except the cerebral 
hemispheres. 


Methods 


Within three hours of death, 10% formol saline was 
injected into the cisterna magna ; the brain and spinal 
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cord were removed within 24 hours of death and fixed 
in 20% formol saline for three weeks. The brain was then 
divided in the median sagittal plane and the left hemi- 
sphere sliced coronally into blocks $ cm. thick. A 
thin block of tissue including the entire length of the 
corpus callosum and overlying grey matier was taken 
from the right hemisphere. All blocks were embedded 
in celloidin, and sections were stained by the following 
methods: Ehrlich’s hematoxylin and eosin, thionin, 
Mallory’s phosphotungstic acid hematoxylin, Loyez’ 
and Gros’ stains. In all important areas serial sections 
were made. Similar blocks and sections were made of 
normal brains for comparison. 


Macroscopic Examination 


The uncut brain showed no striking abnormality 
on its dorsal and lateral surfaces, but when the 
hemispheres were drawn apart, instead of the 
corpus callosum, gyri were seen passing across the 
median plane connecting the two hemispheres. 
It was necessary to cut through these transversely 
running gyri in order to separate the hemispheres ; 
it was then seen that the corpus callosum and 
gyrus cinguli were replaced by an irregular mass of 
white matter covered by overlying grey matter 
(Fig. 1). There is no trace of a continuous 





Fic. 1.—Medial view of cerebral hemispheres. 
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longitudinal cingulate gyrus or sulcus. The mass 
of white matter joining the two hemispheres 
possesses anterior and posterior enlargements 
comparable in size and position to the normal genu 
and splenium (Fig. 2). On its ventral surface are 
several small masses of ectopic grey matter ; these 
are numerous in the roof of the lateral ventricles, 
where they partly obliterate the cavity. The 
corpus callosum is partly adherent to the thalamus 
and to the caudate nucleus. The hippocampus 
is joined directly to the splenium of the corpus 
callosum and to its fellow of the opposite side, 
thus forming a transverse vault in the complete 
specimen. The white matter connecting the two 
hemispheres will be referred to as the corpus 
callosum. 

The isthmus of the gyrus fornicatus is represented 
by a broad posterior continuation of the hippo- 
campal and dentate gyri. This displaces the 
lingual gyrus medially, altering its relations and 
configuration, so that it comes to form part of the 
medial surface of the hemisphere. 

As the most striking feature of this brain is the 
absence of the fimbria and fornix, the report of the 
further examination of it will be confined for the 
most part to the. 
structures related to 
the fornix system, 
namely the hippo- 
campal formation 
(hippocampus or cor- 
nu Ammonis, hippo- 
campal gyrus, dentate 
gyrus), fimbria, sep- 
tum pellucidum, 
hypothalamus and 
mamillary bodies, 
amygdaloid complex, 
and corpus callosum. 

In addition to the 
absence of the fornix, 
there is no septum 
pellucidum ; the ab- 
sence of these struc- 
tures results in such 
wide continuity be- 
tween the cavities of 
the third and lateral 
ventricles, that there 
is in effect one large 
cavity. 

The hippocampus 
and the dentate gyrus 
are displaced caud- 
ally ; they lie entirely 
posterior to the 
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Fic. 2.—Sagittal section through corpus callosum and overlying grey matter (Loyez’ myelin stain). A, B, and C refer 
to divisions into types of cortex, described in the text. 


amygdaloid complex, which is nevertheless more 
extensive than in the normal brain (Fig. 3). 
Posteriorly the hippocampus and dentate gyrus 
are continuous with their fellows of the opposite 
side. They are poorly developed in all dimensions, 
but less so in the posterior third. The hippocampal 
gyrus is also grossly under-developed throughout 
its entire length; its small. size can be seen in 
Fig. 4b; at this level it should be much bigger 
than the hippocampus and dentate gyrus, as is 
seen in Fig. 4a. The hippocampal fissure is absent. 
In association with the small size of the hippo- 
campal gyrus there is a great increase in depth of the 
collateral sulcus with its surrounding grey matter, 
so that the major part of the floor of the ventricle 
is formed by an enormous collateral eminence, and 
the hippocampus and dentate gyrus are displaced 
medially and ventrally (Figs. 5 and 6). Owing to 
this displacement and the small size of the hippo- 
campal gyrus the hippocampus and dentate gyrus 
can be seen from the ventral surface of the brain, 
instead of lying within the ventricle hidden by the 
hippocampal gyrus as in the normal. These 
features and the entire absence of the hippocampal 
fissure and the great reduction in number of the 
denticulate convolutions combine to give the grossly 
abnormal appearances seen in the transverse sections. 

The olfactory tract occupies its normal position. 
There is no massa intermedia. The anterior, 
posterior, and habenular commissures are normal. 


Microscopic Examination 


Although the fornix itself is absent, alveus 
fibres are present, but they are less numerous 


than in the normal brain. A very few fibres can 
be traced from the alveus to the position of the 
fimbria, but they are so few that they do not form 
a macroscopic structure. The position of the 
fimbria is occupied by a mass of grey matter which 
joins the dentate gyrus to the retrolenticular part 
of the internal capsule and to the medial aspect 
of the tail of the caudate nucleus. The fibres of 
the hippocampal commissure show no reduction 
in number. Throughout the extent of the hippo- 
campal gyrus fibres are seen running at right 
angles to the cortex; they are presumably the 
fibres of the cingulum. 

The extent and appearance of the nuclear groups 
which normally receive most of the fibres of the 
fornix are within normal limits. The corpora 
mamillaria lack their main afferent pathway, for 
the anterior pillars of the fornix are absent; but 
their efferent tracts, the mamillo-thalamic and 
mamillo-tegmental, appear to be completely normal. 
The shape of these bodies is within normal limits 
and all mamillary nuclei are present. Cell counts 
show that the medial, intercalatus, and the supra- 
mamillary nuclei have a normal cell population ; 
the lateral nucleus is not quite as clearly demarcated 
as in some of the control specimens, but appears 
to be within normal limits. 

The fornix is said to carry fibres also to the 
anterior part of the hypothalamus, the septal 
nuclei and the habenula. The hypothalamus was 
examined in serial sections throughout this region. 
All nuclei are normal, with the following minor 
exceptions. The tuber nuclei are in the usual 
definite groups, but contain fewer cells than normal. 
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a b 
Fic. 4.—Coronal sections (a, normal ; b, abnormal) of left hemisphere at level of lateral geniculate body (Loyez’ myelin). 
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a b 
Fis. 6.—Coronal sections (a, normal; 6, abnormal) of left hemisphere at level of splenium of corpus callosum 
(Loyez’ myelin stain). 


Ant.: anterior. post.: posterior. amyg.: amygdaloid. c.n.: caudate nucleus. cing. g.: cingulate gyrus. 
col. s.: collateral sulcus. cor. cal.: corpus callosum. dent. g.: dentate gyrus. e.g.m.: ectopic grey matter. 
fim.: fimbria. for.: fornix. hip.: hippocampus. hip. g.: hippocampal gyrus. hip. f.: hippocampal fissure. 
l.g.b.: lateral geniculate body. m.b.: mid-brain. red n.: red nucleus. th,: thalamus. 
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The ventromedial nucleus may be slightly smaller 
and contain fewer cells than in the normal, but is 
not grossly deficient. 

Although this brain has no septum pellucidum, 
the septal nuclei appear to be present. In the 
sections through the rostral part of the hemisphere 
there is a small mass of grey matter lying medial 
and dorsal to the nucleus accumbens septi whose 
cell characteristics suggest that this grey matter 
consists of the nuclei which are normally located 
in the septum. The nucleus accumbens septi is 
in its normal position and of normal shape and 
size. 

The habenular nuclei are within the limits of the 
normal. 

The cytological features of the anterior nucleus 
of the thalamus and of all thalamic nuclei, of the 
caudate nucleus, putamen, and the globus pallidus 
are normal throughout. 

In spite of the macroscopic abnormalities of the 
hippocampal complex, the component cells of each 
of its parts are normal ; obviously the total number 
of cells is reduced since the structures themselves 
are so small. The characteristic pyramidal and 
granular cells can be recognized in the midline 
beneath the splenium, where the hippocampal 
complexes of the two sides join. The amygdaloid 
complex is of far greater extent than in the normal. 
The normal amygdaloid complex starts anteriorly 
at the level of the optic chiasma and the anterior 
limit of the globus pallidus ; the mass of its grey 
matter ends posteriorly at the level of the mamillary 
bodies. Here it starts anteriorly behind the optic 
chiasma, that is about 1 cm. posterior to its normal 
position ; it ends posteriorly at the level of the 
corpus subthalamicum, about 3 cm. posterior to 
its normal position. This increased size is associated 
with an increased spacing out of its cells, without, 
as far as can be judged, any increase in their 
number. Although cells having the characteristics 
of the amygdaloid nuclei can be identified, the 
various nuclei are not as clearly demarcated as 
usual. The lateral nucleus in particular is far more 
extensive than in the normal; all other nuclei 
are somewhat more spread out than normally ; 
the cortical nucleus, the peri-amygdaloid area, and 
the prepyriform cortex appear normal. The path- 
way from the amygdaloid complex, the stria 
terminalis, is normal. 

The main bulk of the white matter forming the 
corpus callosum is composed of transversely and 
obliquely running fibres, which are most numerous 
at the anterior and posterior extremities ; a thin 
band of longitudinal fibres forms the external 
layer. The grey matter covering the corpus 
callosum varies greatly in thickness; its cyto- 
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architectonic structure is the same as that of the 
contiguous gyri above it. It is divided into two 
main types; agranular and granular. In Fig. 2, 
the point B marks the boundary between the 
anterior agranular and the posterior granular 
type of cortex. This distribution of cytoarchitectonic 
types corresponds with that of the normal gyrus 
cinguli. Between the points A and B, the cortex, 
though agranular in type, differs from that of the 
normal gyrus cinguli in that the pyramidal cell 
layers are thicker, and very large pyramidal cells, 
having all the characteristics of Betz cells, are found 
in the deepest layer. Posterior to the point C, the 


cortex is typical of the hippocampus and dentate 


gyrus. The ectopic masses lying on the ventral 
aspect of the corpus callosum are divided into 
lobules by thin bands of myelinated fibres ; they 
are composed of medium- and small-sized nerve- 
cells and of all three types of glia, astrocytes being 
the least common. The appearance is not homo- 
geneous, as the cells are to some extent layered and 
grouped, although irregularly; this formation 
suggests a cortical origin. They are quite unlike 
the adjacent caudate nucleus or thalamus. 


Discussion 


It is noteworthy that the brain of an apparently 
normal man who lived a normal life has such 
gross abnormalities in the gyrus fornicatus and its 
connexions. These abnormalities include an 
abnormal and very small hippocampus, from which 
no efferent pathway has been found, except one 
to its fellow of the opposite side, and an abnormal 
cingulate gyrus and corpus callosum. As_ the 
fornix and the hippocampal commissure. are the 
only known corticofugal pathways from the hippo- 
campus, it is difficult to see how this part of the 
brain functioned. This absence of fornix is 
associated with normally developed corpora 
mamillaria; the alveus, of which the normal 
fornix is a continuation, is fairly well developed. 
If ‘the hippocampus must be considered as an 
effector structure’ (Brodal, 1947), this brain has 
an effector structure with no effector path, except 
for a commissural one to its fellow of the opposite 
side ; also, the groups of cells into which its fibres 
should lead are within normal limits. As might 
be expected on the basis of recent anatomical 
research, this man had no abnormalities in his sense 
of smell. He had no lack of emotional control 
and was not prone to rages, he showed no psychia- 
tric symptoms, and no difficulty in dealing with or 
expressing emotion. It is true that congenital 


abnormalities may throw little light on function, 
for one is always impressed by the manner in which 
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normal function is attained in spite of apparently 
inadequate structure. 

In a search through the literature of congenitally 
abnormal brains, only one was found resembling 
this one (Fleming and Norman, 1942). In their 
speciinen there was interdigitation of gyri which 
‘* are apparently derived from the cingulate gyrus... 
Further back, between the parietal lobes, grey 
matter, not a corpus callosum, connected the two 
halves of the brain. This smooth plate of tissue 
was continuous laterally with the cingulate gyrus, 
and ended posteriorly in a bulbous extremity 
above the tegmental part of the midbrain. This 
rounded termination resembled in longitudinal 
section the splenium of a corpus callosum, and was 
structurally continuous on each side with the 
posterior ends of the hippocampal gyri. . . . Two 
thin strands of white matter . . . entered the hippo- 
campus of each side as the posterior pillars of the 
fornix”. From their photographs it is seen that 
the corpus callosum was much thicker than that of 
the brain described here ; it is also probable that 
the hippocampal gyri were smaller than normal. 

The many brains recorded with no corpus 
callosum are quite unlike the brain described here. 
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Summary 
A description and photographs of a brain are 
given, in which bilateral abnormalities of the 
hippocampus and absence of the fornix are 
associated with normal olfactory function and 
normal emotional control. 


We take this opportunity of thanking Mrs. M. Meyer 
for her interest and advice, Professor F. Goldby for his 
help in writing this paper, and Miss Kathleen Harrison 
and Miss Vera Burgess for their invaluable technical 
assistance. 
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THALAMIC PROJECTION TO FRONTAL CORTEX IN MAN* 
BY 
TURNER McLARDY = 


From the Department of Neuropathology, the Institute of Psychiatry, University of London 


The object of this communication is to report the 
present position at the Maudsley laboratory of 
research on the projection of nerve cells of the 
human thalamus on to frontal cortex. Previous, 
more tentative, reports on this topic were published 
by Meyer, Beck, and McLardy in 1947 and by 
Meyer, McLardy, and Beck in 1948. 

The main material used consisted of 54 cerebral 
hemispheres with varied leucotomy lesions. A few 
cases of traumatic and of vascular damage to frontal 
cortex were also employed. Cortical areas involved 
in the primary lesions were correlated with the 
position of retrograde nerve cell degeneration and 
glial proliferation observed in Nissl-stained serial 
sections of the thalamus. For the sake of clarity 
only Brodmann’s cytoarchitectural nomenclature 
is employed in the thalamic diagrams, but the 
relevant homologues in von Economo’s nomencla- 
tures are given in Fig. | (a). 

The main results which have emerged from this 
study may be summarized as follows. 

The whole of the dorsomedial nucleus projects to 
the granular frontal cortex, with the exception of 
its most dorso-posterior portion (i.e., the portion 
left blank in Fig. 1 (d)), its most rostral tip, and 
probably a portion of the pars magnocellularis on 
its medial border. These three portions appear to 
be devoid of frontal connexion. 

Those nerve cells of the pars magnocellularis of 
the dorsomedial nucleus which have definite cortical 
connexions project to granular cortex within the 
medial half of the orbital region, i.e., essentially 
to Brodmann’s area 11. The pars parvocellularis 
projects to the remaining granular frontal cortex in 
the manner indicated by the Brodmann numerals in 
Figs. 1 (b) to 1 (d). 

It is possible that fibres projecting to the medial 
half of the orbital cortex travel outside the internal 
capsule, ventral to the striatum. 

There is an antero-posterior axial organization, 
in that the more rostral cells of the pars parvo- 
cellularis are related to the more rostral portions of 
its cortical projection field, the more caudal to the 
more caudal; also a general coronal circum- 


_ *Paper read at the Fourth International Neurological Congress held 
in Paris in September, 1949. 





ferential organization such that adjacent regions in 
the nucleus project to adjacent areas in the cortex. 

The nucleus submedius, when present, projects 
to the same cortical field as the adjacent part of the 
dorsomedial nucleus, namely area 8. 

The other intralaminar nuclei, including the 
centromedian nucleus and the parafascicular nucleus, 
and the midline nuclei, have no projection to the 
frontal cortex, so far as can be argued from observa- 
tions on retrograde degeneration after fairly circum- 
scribed damage to the frontal lobe. There is, 
however, some indication that some of them may 
possess a diffuse cortical projection. 

The agranular area 6 receives projections from 
dorsal and medial parts of the nucleus ventralis 
anterior and the nucleus ventralis lateralis and 
probably also from adjacent parts of the reticular 
nucleus. There is a dorso-ventral axial organization 
here. 

The agranular area 24 (the anterior cingulate 
region) receives projections from that portion of the 
anterior nuclear complex which is probably homo- 
logous with the nucleus anteromedialis of lower 
animals, though histologically indistinguishable from 
the nucleus anteroventralis in man. 

So far there is no clear evidence of any thalamic 
projection to the agranular area 44, or to that 
agranular posterior orbital cortex which Beck (1949) 
has recently delineated in the human brain in regions 
corresponding to Walker’s areas 13 and 14 in the 
macaque monkey. 

Owing to the almost inevitable presence of 
retrograde degeneration due to the damage related 
to the region of the leucotome entry-track, it has 
been impossible to determine quite definitely whether 
or not there is any thalamic projection to the rostral 
pole (area 10) or to areas 32 and 12 of the mesial 
granular cortex. It appears reasonably certain now, 
however, that area 32 receives no projection from 
the anterior nuclear complex and that any projection 
from the dorsomedial nucleus to area 10 must be 
very weak indeed. 

Many of the thalamic nuclei appear to contain 
small nerve cells of a different order of magnitude 
from those usually described and studied. They 
may be intrathalamic in their connexions. 
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Fic 1 (a).—Architectural map of the convexity and orbital surface of the frontal lobe, combining the Brodmann 
and von Economo terminology. 

Fic. 1 (b, c, d).—Coronal sections of the human thalamus at anterior, middle, and posterior levels of the dorso- 
medial nucleus. The Brodmann areas to which zones of thalamic neurons project are indicated by the 
numerals. The “ blank ” area in the posterior part of the dorsomedial nucleus is unstippled. 

Ant.=nucleus anterior; Cent. med.—nucleus centrum medianum; LD=nucleus lateralis dorsalis ; 
LP-=nucleus lateralis posterior ; Pf= nucleus parafascicularis ; Retic.=nucleus reticularis ; Submed.= nucleus 
submedius ; VL=nucleus ventralis lateralis ; VPL= nucleus ventralis postero-lateralis ; VWPM= nucleus ventralis 
postero-medialis. 
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Discussion* 


On the whole, the points of agreement with the 
thalamic parcellation schemes of Freeman and 
Watts (1947 ; 1948) for man, and of Le Gros Clark 
and Boggon (1935), Walker (1938 ; 1940; 1944), 
and Mettler (1947) for monkeys, are more numerous 
than the discrepancies. 


Projections of the Dorsomedial Nucleus to the 
Cortex.—Freeman and Watts relate area 8 to the 
ventral nuclear complex and not at all to the dorso- 
medial nucleus as indicated by the present material. 
Mettler has discussed this difference of Freeman 
and Watts’ observations in man from his own, and 
from Walker’s findings in monkeys, pointing out how 
variably area 8 has been placed in different cyto- 
architectonic maps of the forebrain. The individual 
variability in the extent of area 8 has been 
emphasized by Lashley and Clark (1946) in 
monkeys, and also by Beck, McLardy, and Meyer 
(in press) in preliminary studies of normal human 
hemispheres. So far as white matter lesions permit 
of correct evaluation of the cortical involvement, 
the present material definitely indicates that at 
least anterior parts of area 8 are related to the dorso- 
medial nucleus (and to the nucleus submedius). 

The observation that there is a negligible pro- 
jection from the dorsomedial nucleus to area 10 
agrees much more with Walker’s (1938) finding in 
macaques than with Freeman and Watts’ relation of 
this area to an extensive central portion of the 
nucleus. 

In the light of the more abundant and more varied 
material, the earlier (Meyer and others, 1947 ; 1948) 
tentative sites within the dorsomedial nucleus 
which were related to anterior areas 47 and 11 have 
been reversed. This now brings the position of 
area 11 into line with that allotted it by Freeman 
and Watts and by Mettler. 

White matter lesions created by leucotomy from 
the lateral convexity are too gross for correlation 
with such a small and mesial portion of cortex as 
area 12, any retrograde degeneration related to this 
area being obscured by that caused by the damage 
to more lateral white matter and cortex. In addition, 
area 12 is cytoarchitecturally very indistinct, if 
validly separable at all from adjacent areas. It is 
therefore omitted from the scheme for the present. 
The same difficulties apply to the determination of 
any projection to area 32. 

The caudal portion of the dorsomedial nucleus 
is now tentatively suggested by Freeman and 
Watts (1948) to project to area 13. Walker (1944), 








*Discussion is limited to findings in primates, except where some 
general principle has been suggested by observations on lower 
mammals. 
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who first delineated such an agranular zone of 
cortex in the posterior orbital region in monkeys 
(1940), considered that it might receive many fibres 
from the medial parts of the dorsomedial nucleus, 
but not from the pars magnocellularis. Von Bonin 
and Green (1949) concluded that “‘ it receives, at 
best, a very scarce thalamic projection’. Leucotomy 
lesions of this area have been very few and very 
small in the present series. Investigation of them 
certainly does not seem to support the tentative 
view of Freeman and Watts, whereas there are many 
cases which would relate caudal portions of the 
dorsomedial nucleus (Fig. 1 (d)) to the most pos- 
terior granular frontal areas: ventral area 8, 
posterior area 9, and posterior, but probably not the 
agranular part of, area 47. Regarding the “* blank ” 
postero-dorsal portion of the dorsomedial nucleus, 
it is noteworthy that Hassler (1948) in his myelo- 
architectural studies of human thalami found no 
evidence of a projection to the cortex from his 
** Jateral caudal sector ”’. 

Von Bonin and his associates (1947 ; 1949) deny 
any projection of the pars magnocellularis of the 
dorsomedial nucleus to the frontal cortex in man 
and monkey. Freeman and Watts, Walker and 
Mettler, as well as Le Gros Clark and Russell (1940) 
and Norman (1945), are all, on the other hand, 
in accord with the evidence of the present material 
that at least a portion of it does have cortical 
projection. None of these authors has delimited 
its projection so precisely as the present material 
seems to do, to the medial orbital cortex. That it 
should ever degenerate completely after lesions 
limited to the cortex would seem inconsistent with 
Walker’s (1936) demonstration that some of its cells 
degenerate after certain lesions in the hypothalamus 
(in monkeys). I have the impression that the whole 
rostral tip of the dorsomedial nucleus is essentially 
‘** magnocellular’ and, together with the para- 
lamellar nuclei (which Krieg actually includes in the 
pars magnocellularis) and the pars magnocellularis, 
comprises a capsular “‘ grid ’’ around the remainder 
of the dorsomedial nucleus in a manner reminiscent 
of the relationship of the reticular nucleus to the 
entire thalamic nuclear complex (including the 
geniculate bodies). 

An antero-posterior general organization of the 
projection of the dorsomedial nucleus to the frontal 
cortex has been found by most observers. Walker's 
(1940) further observation that the medial part of 
the dorsomedial nucleus projects to the orbital 
region, whilst the lateral portion projects to the 
convexity, is substantiated by Freeman and Watts, 
as well as by the present material Such niceties as 


point to point projection are impossible to determine 
from lesions which involve chiefly the white matter. 
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Intralaminar and Midline Nuclei.—Krieg’s (1948) 
observation that the nucleus submedius is inconstant 
in the human thalamus is fully borne out by my 
experience. It could be identified, very indefinitely, 
in about one-third of 65 serially sectioned thalami. 
Neither its position nor its cortical projection to 
area 46 as described by Freeman and Watts can be 
confirmed. It seems, rather, to lie adjacent to and 
to project to the same cortical region (area 8) as 
the ventro-lateral portion of the dorsomedial 
nucleus. 

Sheps’ (1945) observation that the midline nuclei 
may be insignificant in man is confirmed by the 
present material, at least for the majority of these 
nuclei. That they and the intralaminar nuclei, 
excepting the nucleus submedius, are spared from 
degeneration after cortical lesions is agreed by most 
observers. Le Gros Clark and Russell (1940), 
however, in their case of hemidecortication, found 
nerve cells in the midline nuclei surprisingly few in 
number and I have seen disappearance of the 
intralaminar nuclei on the affected side in a case of 
extensive vascular lesion limited essentially to cortex. 
This might be an indication that these nuclei have a 
diffuse cortical projection. Again, Le Gros Clark 
and Russell’s (1940) and Norman’s (1945) impression 
that the whole of the dorsomedial nucleus was 
degenerated in their respective cases of decortication, 
might be evidence that some neurons even of the 
main thalamic nuclei project diffusely over the 
cortex, for the retrograde degeneration in affected 
parts of the dorsomedial nucleus after leucotomy is 
never complete. It is important to bear in mind at 
the same time that it can never be argued conclusively 
that cells which fail to degenerate have not had their 
axons cut. 


Thalamic Projections to Agranular Cortex.—The 
present findings are in general accord with Walker’s 
conclusion that the dorsal part of area 6 receives 
projections, especially from the dorsomedial pait of 
the nucleus ventralis lateralis and the ventral part 
of area 6 projections from the ventromedial part of 
the nucleus ventralis lateralis. Walker (1944) also 
relates area 44 to the ventromedial part of the 
nucleus ventralis lateralis, but later goes on to say 
that ‘“‘in the macaque it receives few thalamic 
fibres. In the chimpanzee data are lacking, and in 
man nothing is known of its thalamic connexions ”’. 
Numerous suitable cases in the present material 
fail to show evidence of any such projection in man. 

This present material also fully corroborates 
Toncray and Krieg’s (1946) observation that there 
is no discernible distinction between a nucleus 
ventralis anterior and ventralis lateris in man. 
There are several cases which confirm Sheps’ (1945) 


finding of degeneration of the entire rostral portion 
of the ventral nuclear complex in man after extensive 
cortical destruction, and also Le Gros Clark and 
Russell’s like observation in their human case of 
hemidecortication. Walker considered that in mon- 
keys, and probably also in chimpanzees, the nucleus 
ventralis anterior projects to the striatum. Mettler 
came to the same general conclusion with regard to 
monkeys, yet he found the whole of the nucleus 
ventralis anterior to have disappeared in one case 
after complete decortication (1943, Case 36, quoted 
in 1947). 

No extensive observations have been possible, 
from the present material, on afferent projections to 
area 4. Area 13 of the agranular orbital zone has 
already been discussed. 


The Reticular Nucleus.—This nucleus is considered 
by Freeman and Watts and by Sheps to show no 
degeneration after frontal lobe damage. Walker and 
Mettler considered it to be as severely affected as the 
adjacent ventral nuclear complex. My impression 
is that its cells are definitely not so severely affected 
as those of the neighbouring nuclei. 


The Anterior Nuclear Complex.—All the material 
investigated confirms Krieg’s (1948) view that in 
the human thalamus the nucleus anteromedialis is 
not visually distinguishable from the nucleus 
anteroventralis. 

Freeman and Watts and Mettler related dorsal 
parts of the anterior nuclear complex to area 24, 
and ventral parts to area 32. The present evidence 
of limitation of the connexion of area 24 to the 
presumptive site of the nucleus anteromedialis 
agrees with the observations of Le Gros Clark and 
Russell (1940), Walker (1938), and Kirschbaum and 
von Bonin (1947) in primates, and of Rose and 
Woolsey (1948) in lower mammals. There is also 
some evidence to support Rose and Woolsey’s 
suggestion that the explanation of discrepant findings 
may lie in the fact that deep lesions in anterior parts 
of the cingulate gyrus may cut fibres from the nucleus 
anteroventralis which follow a looped course as 
far rostrally as the genu of the corpus callosum on 
their way to the posterior cingulate area 23. There 
are three clear-cut cases with damage to area 32, 
and not to area 24, with no retrograde degeneration 
within the anterior nuclear complex. These findings 
are in keeping with Walker’s view that the anterior 
nucleus has only a light, if any, projection to the 
anterior cingulate cortex. The nucleus antero- 
dorsalis has not been noticed to be degenerated in 
any of the material. 


Projection Pathways.—Kirschbaum and _ von 
Bonin’s impression that the radiation from the 


202 TURNER McLARDY 


dorsomedial nucleus reaches the internal capsule 
by streams encircling the lateral nuclear mass both 
dorsally and ventrally is not at all supported by the 
present investigations. It would appear that these 
authors may be misinterpreting either the gliosis 
extending into the zona incerta which follows lesions 
involving area 6 or the gliosed fronto-pontile and 
fronto-nigral tracts before they sweep lateral to, 
and sometimes through, the subthalamic nucleus 
into the peduncle. An unexplained gliosed bundle 
has been observed in some cases passing through 
the dorsomedial nucleus into the parafascicular 
nucleus in the direction of the fasciculus retroflexus. 

Circumstantial evidence from a_ considerable 
number of cases indicates that the radiation from the 
pars magnocellularis of the dorsomedial nucleus to 
the medial half of the orbital cortex remains in a 
ventral position, possibly running ventral to the 
striatum and never entering the anterior limb of the 
internal capsule. 


Intrathalamic Neurons.—Throughout this dis- 
cussion the term “‘ nerve cells’ has been used to 
refer to those cells which have been described and 
defined in the thalamus in some detail by such 
workers as Sheps and C. and O. Vogt (1941). I 
have recently observed that under high magnifica- 
tions most of the main nuclei of the thalamus can be 
- seen to contain additional nerve cells of a different 
order of magnitude, ranging from two to six times 
the size of astroglial nuclei. These small neurons 
do not appear to degenerate appreciably after cortical 
damage. A fuller description of their distribution 
and characteristics will be given in a subsequent 
communication. 

Progress in elaborating this parcellation scheme 
has been slow because, among other reasons, the 
medial orbital region is very seldom much damaged 
in the usual leucotomy operation performed in 
Britain, the mesial cortex is never damaged in even 
relative isolation, and the exact relation of cortical 
areas to white matter lesions is often difficult to 
establish. It would be of the greatest value for a 
more rapid and precise elucidation of thalamic 
connexions with frontal cortex if brains on which 


topectomy has been performed are, in the fullness 
of time, submitted to neuropathological laboratories 
for systematic investigation. 


Summary 


The thalamo-frontal projection has been investi- 
gated in some 60 human hemispheres by studying 
the retrograde degeneration which occurred in 
thalamic nuclei, especially after leucotomy. The 
main results are presented in a diagram and are 
discussed in the light of previous findings in 
primates by others. 
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THE PENETRATION OF PARTICULATE MATTER FROM THE 
CEREBROSPINAL FLUID INTO THE SPINAL GANGLIA, 
PERIPHERAL NERVES, AND PERIVASCULAR 
SPACES OF THE CENTRAL 
NERVOUS SYSTEM 


BY 


J. B. BRIERLEY 


From the Department of Neuropathology, Institute of Psychiatry, 
Maudsley Hospital, London 


The precise termination of the spinal meninges 
around the emerging nerve roots has been the 
subject of many investigations since the early work 
of Quincke (1872) who injected 1 c.cm. of a sus- 
pension of cinnabar into the lumbar subarachnoid 
space of dogs. At examination two to four days 
later it was observed that cinnabar particles had 
passed on occasion along the lumbar nerves but 
more frequently along the intercostal. 

Key and Retzius (1875) injected various indicators 
(including gelatin coloured with Berlin blue) into 
the subarachnoid space under a pressure of 60 mm. 
of mercury, and noted their progress for some 
distance along the peripheral nerves. However, in 
this connexion, Weed (1914) quotes Testut as having 
pointed out that the pressure employed was res- 
ponsible for the production of tissue damage, 
especially in the arachnoid at the site of the emer- 
gence of the nerve roots. 

Similar findings were recorded by Goldmann (1913) 
with trypan blue, although the well-known toxic 
effects of this indicator may detract to some extent 
from the results obtained. 

The classical experiments of Weed (1914) in which 
an isotonic mixture of potassium ferrocyanide and 
ferric ammonium citrate was introduced into the 
cerebrospinal fluid at a pressure only slightly in 
excess of physiological, did not permit demonstration 
of prussian blue granules for more than a short 
distance along the anterior and posterior nerve 
roots. 

Elman (1923) defined the anatomical arrangement 
of the membranes around the spinal nerve roots 
using as indicators india ink and the Weed prussian 
blue mixture. The subarachnoid space was des- 
cribed as terminating in an anatomical cul-de-sac 
at the point where the arachnoid turned inwards to 
fuse with the pia. No outward passage of ink 


granules was observed through the membranes in 
this region, but there was an excretion of the 
prussian blue solution into arachnoid cell nests 
lying in close relation to and often embedded in 
the dura. 

A similar failure of india ink particles to pass 
into the root ganglion or along the nerve was 
reported by Iwanow and Romodanowsky (1928) in 
their experiments on dogs, although these workers 
were the first to describe the outflow of cerebro- 
spinal fluid into lymphatic channels around the 
nerve roots. 

The confinement of thorotrast to the anatomical 
cul-de-sac of the subarachnoid space was noted by 
Wustmann (1933) who visualized the indicator by 
means of x rays. There was, however, a distinct 
escape of the material into the epidural fat layers. 

The behaviour of a fine suspension of india ink 
(particle size 0-5 uw) when introduced into the 
subarachnoid space under physiological pressure 
conditions was investigated by Brierley and Field 
(1948) and the outflow of ink from the cul-de-sac 
into lymphatic channels was described. In this 
work, only the naked eye appearances in the region 
of the root ganglia were recorded, the ink granules 
not appearing to pass beyond the proximal pole of 
the ganglion and a few millimetres farther along the 
ventral root. 

Somberg (1947) in a review of the literature 
criticizes many previous workers on the grounds 
that the indicators employed were either toxic 
(e.g. trypan blue) or irritant (e.g. cinnabar) and that 
they were often introduced under abnormally high 
pressures with possible production of tissue damage 
as a result. 

Hassin (1947) maintained that the subarachnoid 
space is to be followed in appropriate sections over 
the surface of the ganglion, the arachnoid “*. . . being 
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in close proximity to but not blended or fused with 
it or the dura mater. That is to say, the subarach- 
noid space plunges into the spinal ganglion where 
it becomes continuous with its tissue spaces and 
finally emerges over the peripheral (post-ganglionic) 
nerve as its perineural space’’. Hassin is prepared 
to accept the experimental evidence of Key and 
Retzius (1875) and of Funaoka (1930) and his 
co-workers in which intraneural injection of various 
dyes was used to demonstrate a communication 
between the endoneural and perineural spaces of 
the peripheral nerves and the subarachnoid space. 
Hassin states that * .. . the remarkable experiments 
of Funaoka cannot be attributed to faulty 
technique ”, and again “ . . . the foregoing instances 
of marvellous experimenting and vast penetration 
of the injected dyes can hardly be explained by 
forced pressure... ”, this latter in spite of an 
intraneural injection of 25 c.cm. of “ dekalen”’. 

The histological pictures presented by Hassin are 
not convincing evidence of the continuity of the 
subarachnoid space over the ganglion as is claimed. 
Such a claim could only be established (within the 
known limitations of histological technique where 
tissue spaces are concerned) if truly longitudinal 
sections of the ganglion and post-ganglionic nerve 
were presented. The two sections illustrated in 
Hassin’s paper pass obliquely through the ganglion 
and provide no information as to the disposition 
of the membranes in the important regions of the 
middle zone and distal pole. 

That the passage of injected material from the 
peripheral nerve into the subarachnoid space is by 
no means certain or predictable was shown by 
Brierley and Field (1949) using as inoculum a 
volume of 0:05 ml. of radioactive phosphorus (as 
phosphoric acid). It was recorded that an injection 
carried out in the upper third of the rabbit’s 
sciatic nerve was less likely to enter the cerebrospinal 
fluid than an injection made at a lower level, but 
tended to pass directly into the substance of the 
spinal cord. The use of a larger injection volume 
may result in more constant entry into the subarach- 
noid space as a result of some mechanical tissue 
damage and it may well be doubted if an intraneural 
injection much in excess of 0-05 ml. is a valid indi- 
cator of normal anatomical relationships between 
endoneural and perineural spaces and the sub- 
arachnoid space. 

The purpose of the present investigation was, 
first, to define the normal dispositions of the spinal 
membranes as they pass towards the root ganglion 
and the ventral nerve root, and secondly to demon- 
strate the behaviour of a fine sterile particulate 
indicator introduced into the subarachnoid space 
under physiological pressure conditions. However, 
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the proved ability of such particles to pass through 
the arachnoid and dura in certain situations 
(Brierley and Field, 1948 ; Field and Brierley, 1948) 
was a reminder that similar regions of membranous 
permeability might be encountered elsewhere around 
that part of the subarachnoid space under 
investigation. 

The technique adopted was also expected to 
provide histological studies of the perivascular 
spaces of the central nervous system, from which, 
in view of the survival period of 48 to 72 hours, it 
would be evident whether or not there was any 
considerable penetration of these spaces under 
normal cerebrospinal fluid pressure. 


Material and Methods 


Animals.—Eight adult rabbits of weights from 2:0 
to 3-0 kg. were used. 


Anesthetic.—The animals were anesthetized with 
sodium nembutal (2°5% solution intravenously), 
recovery taking place two to two and a half hours after 
the operation. 


Indicator.—A suspension of india ink in _ saline, 
prepared as described previously (Brierley and Field, 
1948). Ninety per cent. of the particles have a diameter 
of 0-Su, and the range of size is from 0-4 to 1-Su. The 
suspension was dialyzed for one hour in a cellophane 
sac suspended in running tap water and was sterilized 
immediately before use. 


Technique 


The indicator was introduced into the cisterna magna 
which was approached by a mid-line incision extending 
2 cm. above and below the arch of the atlas, the animal 
lying prone on the table with the head flexed to 90°. 
The posterior spinal muscles were separated with care- 
ful attention to hemostasis until the margin of the 
occiput was exposed. The point of attachment of the 
atlanto-occipital membrane to the bone in the mid-line 
was defined and the periosteum stripped over the 
adjacent four or five millimetres of the occipital surface. 

The bone was drilled with a fine dental drill (fissure 
No. 0) at a point in the mid-line 2 mm. above the free 
posterior margin of the foramen magnum, the drill 
point being directed obliquely backwards towards the 
cistern. Perforation of the bone and dura was indicated 
by the free escape of cerebrospinal fluid into the groove 
between the posterior spinal muscles. The free fluid 
was drawn up into a syringe to give a rough check on 
the volume released. A children’s type lumbar puncture 
needle was swung into place over the hole and slowly 
introduced until cerebrospinal fluid could be obtained on 
slight suction. A 2-0 ml. syringe filled with india ink 
suspension was attached to the needle. The indicator 


ran in rapidly at first, then slowed down and came 
virtually to rest after the admission of a volume rather 
less than that of the cerebrospinal fluid withdrawn. In 
no instance was the pressure of introduction allowed to 
Immediately on 


exceed 120 mm. of the indicator. 
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withdrawal of the needle the hole was closed with bone 
wax and the muscles and skin edges apposed with 
separate layers of silk sutures. 

The introduction of the indicator was repeated at 
24-hour intervals, an average of three operations being 
performed on each animal. In this way it was possible 
to introduce up to 4:5 ml. of indicator into one animal 
without appreciably raising the pressure of the cerebro- 
spinal fluid. 

The animals were killed 12 to 24 hours after the last 
operation by exsanguination through the thoracic aorta 
under nembutal anesthesia. A cannula was then tied 
into the ascending aorta and perfusion carried out with 
about 1000 ml. of physiological saline followed by an 
equal quantity of 10% formol saline. 

A complete exposure of the spinal cord was obtained 
by carrying out a laminectomy from sacrum to coccyx. 
The sciatic nerves were next exposed from the thigh 
towards the vertebral canal, fine bone forceps being 
used in the last part of their course to reveal the spinal 
root ganglia. 


Macroscopical Appearances 


Spinal Cord and Nerve Roots.—The spinal cord 
and meninges presented the typical appearances 
described in detail elsewhere, the “ ink-cuffs ” 


' being particularly well developed in all animals of 


the series. Examination under the dissecting micro- 
scope (Fig. 1) showed that the ink had penetrated 
some distance over the surface of the root ganglion 
and aimost to the distal pole in some cases. This 
was in marked contrast to the findings previously 
reported and may be accounted for by the intro- 
duction of larger volumes of ink at a site (cisterna 
magna) more suitable for spread of the indicator 
to the spinal cord. The distal termination of the 
‘** ink-cuff ’’ was noticeably ragged and appeared 
to consist of more or less parallel black lines of 
varying thickness. There was a dense deposit of 
ink in the “ axilla ’’ between the nerve roots and the 
spinal cord. 

A proportion of the india ink on the surface of 
the ganglion lay in the epidural connective tissue, 
but when this latter had been dissected off the 
linear disposition of ink particles on the surface of 
the ganglion still remained. 

The ventral nerve roots exhibited only a light 
speckling of ink particles which died out at a level 
corresponding to the midpoint of the ganglion, 
although in some instances there was a thin tail of 
ink extending distally along the inner edge of the 
nerve from the tip of the dense “ axilla” referred 
to above. 

The extent of the spread of ink over the surface of 
the root ganglia was by no means uniform through- 
out the spinal nerves but was constantly maximal 
in the three large nerve roots contributing to the 
formation of the sciatic nerve. At higher levels the 
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outward spread of ink diminished, until, in the 
thoracic region the apex of the “ ink-cuff ’ coincided 
with the proximal pole of the root ganglion. In 
the cervical region there was conspicuous migration 
of ink, largely in the epidural connective tissue and 
reaching a maximum along the second and third 
cervical nerves where it was probably responsible 
for the greater part of the filling of the deep cervical 
lymph nodes. Removal of the ink-stained epidural 
tissue revealed that the ink had spread up to and on 
to the dorsal root ganglion only in the second and 
third cervical nerves, whereas in the remaining 
cervical nerves the apex of the “ ink-cuff”’ lay at 
the proximal pole of the root ganglion. 


Central Nervous System.—The distribution of the 
ink around the circumference of the spinal cord 
at any one level was seldom uniform. In the 
cervical region the greater part of the ink lay on the 
dorsal aspect of the cord and there was little more 
than a faint speckling on the ventral surface. This 
unequal distribution was probably due to the 
dorsal position of the site of introduction. In the 
thoracic, lumbar, and sacral regions the discrepancy 
between dorsal and ventral aspects is reduced while 
the coccygeal cord, ganglia, and roots were in- 
variably surrounded by a dense accumulation of 
ink which penetrated the dura to stain the epidural 
connective tissue. 

In two animals of the series the bulk of the ink in 
the spinal subarachnoid space was concentrated in a 
well-defined strip lying along the dorsal aspect of 
the cord and extending from the lower end of the 
cisterna magna to a tapered point at the mid- 
thoracic level. In these two animals there was a 
poor development of the “* ink-cuffs ”’ in the lumbar 
region. 

Transverse sections of the spinal cord were 
examined under the dissecting microscope and 
showed the presence of a ring of grey haze lying 
immediately under the pia and most marked in the 
cervical region on its dorsal aspect. It was impos- 
sible to avoid the suggestion that this appearance 
might be due to the passage of ink from the sub- 
arachnoid space through the pia. 

The distribution of ink particles around the brain 
itself was reasonably uniform from case to case and 
quite similar to that described by other workers 
(Weed, 1914; Hurst, 1932). The greatest accumu- 
lation of ink was noted around the medulla, the 
infundibulum and hypophysis, and over most of the 
surface of the cerebellum. Dense cuffs of ink had 
formed around the emerging cranial nerves, particu- 
larly the olfactory, optic, and trigeminal. The 


intensity of the indicator on the surface of the 
cerebral hemispheres decreased towards the vertex 
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Fic. 1.—Sacral spinal cord of rabbit 
(x 2) 24 hours after second intro- 
@ duction of india ink. Note spread 
over surface of root ganglia and 
dense “‘axilla’’ along inner surface 

of nerves. 





Fic. 3.—Longitudinal section through proximal 
pole of normal root ganglion (x 85). A. Sub- 
arachnoid cul-de-sac. B. Reduplication of 
the arachnoid. C. Dura. D. Epidural con- 
nective tissue. 
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. 2.—Longitudinal section of tip of spinal cord 
(x 60) showing dilated termination of central canal 
containing ink. 





Fic. 4.—Longitudinal section through proximal pole 
of root ganglion after introduction of ink. (x 80). 
Cul-de-sac on right contains dense accumulation 
of ink and polymorphonuclear cells. (K as for 
Fig. 3.) 
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and was in general more intense in relation to the 
cortical vessels. 

Examination of thick coronal slices under the 
dissecting microscope showed in certain regions the 
same grey haze beneath the pia as was seen in the 
spinal cord, but this appearance was confined to 
certain definite localities. It was constant and 
most. marked in the hypothalamus but was also 
seen in order of decreasing intensity in the ventral 
parts of the cerebral cortex, in the cerebral cortex 
in relation to the choroidal fissure, and throughout 
the ventral and lateral aspects of the brain stem. 

There was a conspicuous absence of ink in the 
lateral ventricles except for a faint dusting of ink 
on the choroid plexuses. There was a slight collec- 
tion of particles in the lowest part of the third 
ventricle and an increasing amount on passing back 
through the aqueduct to the fourth ventricle. 
However, the quantity of ink even in the latter 
situation was only a fraction of that to be seen in a 
similar volume of the basal subarachnoid space. 
This paucity of ink in the ventricular system was in 
contrast to the situation in the central canal of the 
spinal cord which appeared as a distinct black dot at 
all levels of the cord and which terminated in a 
dilated and ink-filled sac in the lower sacral region 
(Fig. 2). 


Histological Appearances 


Normal Material.—The nerve roots, ganglia, and 
mixed spinal nerves of several normal animals were 
examined by means of longitudinal (in the plane of 


an emerging pair of nerves) and transverse sections. 
The animals had been perfused with physiological 
saline under anesthesia followed at once by 10% 
formol saline. The material was embedded 
in celloidin and cut at 12 to 15 p. 

In the material thus prepared, the region of 
greatest importance lies at the proximal pole of the 
root ganglion upon which the three spinal mem- 
branes converge and where any particulate indicator, 
intrathecally introduced, can be relied upon to 
accumulate. Here the question arises, does the 
subarachnoid space end blindly as a cul-de-sac or 
is it continued as a narrow or even potential space 
over the surface of the ganglion? Careful scrutiny 
of the longitudinal sections has left no doubt, 
that while the spinal dura passes over the ganglion 
to form its sheath and ultimately the nerve peri- 
neurium, the arachnoid has no such distal extension 
(Fig. X). Again, the subdural space is easily recog- 
nizable for a considerable distance over the ganglion 
and appears to be continuous with the sub-peri- 
neural space of the peripheral nerve, whereas the 
subarachnoid space becomes narrowed at the 
proximal pole of the ganglion and terminates in a 
clearly defined anatomical cul-de-sac. This is the 
result of the dipping in of the arachnoid membrane 
towards the margin of the annulus of large cells that 
forms the proximal pole of the ganglion (Fig. 3). 
At this point there is a reduplication of the 
membrane itself and the various layers pass in to 
blend with the connective tissue of the ganglion. 
It is to be noted that the apex of the cul-de-sac lies 
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+b a. Epidural fatty connective tissue. 


Cc b. Dura continuous with ganglion 
sheath. 


d c. Sub-dural space. 
@ d. Capsule of ganglion. 
e. Ganglion cells. 


f. Group of ganglion cells lying 
among dorsal root fibres. 


g. Arachnoid. 

h. Subarachnoid cul-de-sac con- 
taining ink. 

j. Ganglion cells at proximal pole. 

k. Dorsal nerve root. 

l. Ventral cul-de-sac. 




















m. Proximal pole of ganglion— 
ventral part. 


n. Ventral nerve root. 


o. Dura continuous with peri- 
neurium. 


Fic. X.—Diagrammatic longitudinal section through proximal pole of dorsal root ganglion. 
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in close relation to the ganglion cells from which it 
is separated by only a few layers of flattened 
connective tissue cells (Fig. 4). 

Between the dorsal and ventral nerve roots there 
is a similar cul-de-sac which again terminates in 
close relation to ganglion cells. 

Around the ventral nerve root the subarachnoid 
space is gradually reduced, the arachnoid apparently 
fusing with the perineurium and with the superficial 
connective tissue layers of the nerve at about the 
mid point of the ganglion. 


India Ink.—Within the general subarachnoid 
space the ink particles tend to accumulate on the 
deep aspect of the arachnoid rather than on the pia. 
This distribution is also found in the basal portions 
of the ** ink-cuffs ’’ where there is also a penetration 
of the arachnoid by the ink which comes to lie in 
the sub-dural space, along which it penetrates as far 
as the distal pole of the ganglion (Fig. 6). Extensive 
permeation of the dura itself is also evident, so that 
the loose, fatty epidural connective tissue contains a 
considerable quantity of ink, part of which is 
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destined to enter the terminals of fine lymphatic 
vessels and so to be conveyed to the general lymph 
stream. 

In the region of the cul-de-sac the disposition of 
the ink fails to reveal any anatomical continuity of 
the subarachnoid space over or into the ganglion, 
there being no narrow wedge or line of particles 
extending in either of these directions. Nevertheless 
numerous ink particles are seen to lie among the 
ganglion cells whose periphery they outline to give 
a characteristic “* wire-netting ” appearance (Fig. 5) 
as briefly reported elsewhere (Field and Brierley, 
1948). 

A careful study of both transverse and longitudinal 
sections shows that there are two modes of access of 
ink particles to the typical peri-cellular position in 
the ganglion (Fig. Y.): (a) At the apical zone of 
the subarachnoid cul-de-sac, ink particles are able 
to pass through the layers of connective tissue and 
then to drift slowly around the ganglion cells towards 
the distal pole of the ganglion. (b) The ink that has 
penetrated the arachnoid to enter the sub-dural 
space moves slowly in a distal direction over the 
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Fic. Y.—Diagram to show escape routes for cerebrospinal fluid from the subarachnoid cul-de-sac. 
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Fic. 5.—Longitudinal section through middle of Fic. 6.—Longitudinal section through distal pole 
root ganglion after introduction of ink (x 275). of ganglion (x 65). Note penetration of ink 
Note peri-cellular distribution of ink particles. particles from sub-dural space, among the 

ganglion cells. 








Fic. 7.—Longitudinal section of mixed spinal Fic. 8.—Longitudinal 
nerve beyond distal pole of ganglion. (x 75). section of a vessel 
The ink particles lie in parallel columns in the hypothal- 
between the nerve fibres. amus. (%X 275). 


‘Ink particles lie in 
the __ perivascular 
space of the vessel 
and its tributary. 
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ganglion, and a proportion of the particles pass 
inwards among the ganglion cells and are again 
carried towards the distal pole (Fig. 6). 

Thus it comes about that in an animal that has 
received adequate amounts of ink and has survived 
at least 48 hours there is a distinct capsule of ink 
particles around almost every cell of the root 
ganglion, the overall distribution of the ink being 
fairly uniform. 

When the mixed spinal nerve just distal to the 
ganglion is examined it is seen that the progress of 
the ink through the ganglion continues into the 
nerve, where the particles are found lying in parallel 
columns between the nerve fibres (Fig. 7). The 
maximum distal spread observed was 4 to 5 mm. 
from the distal pole of the ganglion. It is empha- 
sized that there is no peripheral concentration of ink 
in the nerve as would be expected if the subarachnoid 
space were in direct continuity with the sub-peri- 
neural space. The latter space is clearly recognizable 
beyond the distal pole where it is the continuation of 
the sub-dural space, yet at this level it is almost 
devoid of ink, and can therefore contribute little if 
anything to the total ink visible in the mixed nerve. 
It must be concluded then that the ink particles 
lying among the nerve fibres have come from 
peri-cellular situations in the ganglion substance, 
as a result of passive transport in a slow centrifugally 
directed stream. 

In the ventral nerve root, the subarachnoid cul- 
de-sac, as already pointed out, extends to about the 
mid-point of the root ganglion and its walls appear 
to possess the same permeability to ink particles as 
does its counterpart in the dorsal root. The amount 
of ink escaping by this route is, however, small, the 
major centrifugal stream lying in the sub-dural 
space which is clearly visible in all the sections 
(Fig. 4 and Fig. 6). Proximal to and alongside the 
ganglion there is little ink to te seen in the interior 
of the ventral root, but this amount increases distally, 
until at the point of junction with the dorsal root the 
concentration of ink particles in the two neural 
components is almost equal (Fig. 7). This uniform 
disposition of ink is then maintained throughout 
some 4 to 5 mm. of the mixed spinal nerve beyond 
which it slowly decreases to disappear after a 
further few millimetres. 


Perivascular Spaces of the Central Nervous 
System.—Serial coronal celloidin sections of the 
brain and cervical cord were cut and every tenth 
stained with carmalum, intermediate sections being 
stained where necessary. 

It was at once apparent that a certain proportion 
of the perivascular spaces in any one section con- 
tained ink particles, not only in their mouths, but 
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often to a considerable depth. It was further 
observed that the perivascular spaces were only 
well-filled in situations in which the subarachnoid 
space itself contained obvious accumulations of ink. 
In general, then, the filling of the spaces reflected the 
distribution of the indicator over the hemispheres, 
brain stem, and spinal cord. Thus, in the hypo- 
thalamus (Fig. 8) ink-enclosed vessels could be 
traced from the basal subarachnoid space to within 
a short distance of the walls of the third ventricle, 
and in the region of the choroidal fissure of the 
lateral ventricles numerous perivascular spaces con- 
tained ink throughout the whole thickness of the 
cortex (Fig. 9). 

Isolated vessels in the thalamus (Fig. 10) showed 
limited filling while all degrees of penetration could 
be seen in cortical vessels, mainly on the ventral 
and ventro-lateral aspects of the brain (Figs. 11, 12, 
13, and 16). 

An exceptional quantity of ink around almost 
every vessel was constantly observed throughout the 
hippocampal white matter (Fig. 15) lying between 
the pyramidal cell layer and the fascia dentata. 

Similar findings were observed in the globus 
pallidus the majority of whose vessels were sur- 
rounded by small quantities of ink (Fig. 19). 

Again, in the cerebellum there was considerable 
filling of perivascular spaces which could be traced 
through the Purkinje cell layer into the white core . 
of the folium (Fig. 18). 

In the brain stem the depth of penetration of the 
indicator into the long straight perivascular spaces 
was more restricted than in the cortical and dien- 
cephalic structures and may well be due to the 
proportionately smaller quantity of ink in the 
adjacent subarachnoid space. Good penetration 
was observed at several sites in the medulla (Fig. 14) 
and repeatedly in the cervical spinal cord (Fig. 17). 

The existence of a demonstrable perivascular 
space was not revealed in any region of the central 
nervous system except the hippocampus where some 
unusual shrinkage may well have been responsible 
for its production. The india ink particles appeared 
to lie on the outer surface of the vessel in direct 
contact with the brain substance. The penetration 
of the ink, although considerable, did not reach the 
perineuronal spaces, which were again not visible 
in the celloidin material. 

The uniform absence of any perivascular cuffing 
by inflammatory cells suggested that movement 
towards the deeper parts of the spaces was not 
dependent upon a process of phagocytosis. Further, 
examination under the oil immersion lens showed 
that most ink particles lay quite free on the vessel 
adventitia, and the only cells containing ink were 
sparsely scattered microglia in the nervous tissue 
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. 9.—Perivascular space containing ink in cortex beside choroidal fissure. 


- 10.—Vessel of thalamus surrounded by ink particles. ( 125.) 
. 11.—Small vessel in cortex showing perivascular ink. (x 425.) 


. 12.—Perivascular ink deposition around sub-cortical vessels in ventral aspect of hemisphere. (x 125.) 


. 13.—Perivascular ink deposition in cortex beside choroidal fissure. 
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Fic. 14.—Coronal section of lower medulla (x 95), ventral aspect showing ink deposit around three vessels. 
Fic. 15.—Coronal section of Ammon’s horn (x 110), showing subcortical vessel surrounded by ink. 


Fic. 16.—Longitudinal section of cortical vessel (x 500) showing perivascular deposition of fine ink particles 
and the constriction of the perivascular space at its mouth. 


, Fic. 17.—Longitudinal section of cervical spinal cord (x 90) showing ink around vessels in the central grey 
matter. 


Fic. 18.—Cerebellar cortex (x 55) showing perivascular ink deposits around vessels passing through 
Purkinje cell layer. , 


Fic. 19.—Vessels entering globus pallidus (x 85) surrounded by ink deposits. 
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around the perivascular space and in certain regions 
just below the pia. 


Discussion 


The existence of an anatomical cul-de-sac of the 
subarachnoid space at the proximal pole of the root 
ganglion and around the ventral root has been 
established by the present investigation, and confirms 
the findings of Weed (1914), Iwanow and Romo- 
danowsky (1928), Mulder (1938), and others. No 
evidence has been found in support of the con- 
tention of Hassin (1947) that the subarachnoid 
space is in anatomical continuity with the tissue 
spaces of the dorsal root ganglion and the peri- 
neural space of the mixed spinal nerve. 

Continuity has, however, been demonstrated 
between the sub-dural space of the nerve roots and 
the sub-perineural space of the spinal nerve. There 
is a free passage of particulate matter from sub- 
arachnoid to sub-dural space and thence towards 
the peripheral nerve, a finding which at first glance 
gives the impression that the subarachnoid space 
and the sub-perineural space are in direct com- 
munication. : 

From the point of view of physiology and patho- 
logy the main interest of the investigation lies in 
the peculiar permeability of the walls of the sub- 
arachnoid cul-de-sac to sufficiently fine particulate 
matter. From this it is reasonable to conclude that 
a certain proportion of the. cerebrospinal fluid 
must escape by this route into the ganglion and 
spinal nerve. However, such an outflow can 
hardly make any appreciable contribution to 
the total excretion of the cerebrospinal fluid, 
and is likely to be of even lesser magnitude 
than the excretion into lymphatic channels 
described previously (Brierley and Field, 1948). 
Nevertheless, this escape of cerebrospinal fluid 
into the nerve must be taken into account in any 
consideration of the extent and direction of a 
possible endoneural fluid stream (frequently and 
incorrectly referred to as nerve lymph), as it would 
obviously be difficult to envisage a centripetal fluid 
flow in any intraneural situation other than within 
the axis cylinders. That the inter-fibre spaces of 
the peripheral nerve provide a free and extensive 
potential pathway for injected material has been 
demonstrated by Mulder (1938), for a wide variety 
of indicators, and by Brierley and Field (1949) for 
radioactive phosphorus and suspensions of india 
ink. The literature does not as yet provide any 
convincing evidence of a physiological fluid move- 
ment in either a central or a peripheral direction. 
Mulder (1938) has shown that small intraneural 
injections of dyes, particulate suspensions, and oily 
substances are seen to diffuse equally in either 
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direction from the point of injection. It must be 
concluded then that the centrifugal fluid stream 
which is responsible for the transport of india ink 
particles through the dorsal root ganglion to the 
spinal nerve (in some 48 hours) is probably expended 
within the first few millimetres of the nerve, and is 
unable to influence the dispersion of an indicator 
injected at a more distal site in the nerve. 

It is interesting to consider the reasons for the 
failure of Weed (1914) to note any centrifugal 
migration of his intrathecally introduced suspension 
of lamp black. The most probable explanation 
involves the factors of survival time and the dimen- 
sions of the particulate indicator. The duration 
of Weed’s experiments ranged from one to six hours, 
intervals too brief to permit the slow centrifugal 
escape of cerebrospinal fluid along the nerve to 
manifest itself. It has been noted above that some 
12 hours are required for the entry of ink particles 
into the root ganglion, and about 48 hours for the 
staining of both ganglion and mixed spinal nerve. 

Reference has been made elsewhere (Brierley and 
Field /oc. cit.) to the question of particle size and 
egress from the subarachnoid space. The small 
size of the particles employed in this work may 
well facilitate their passage through the wall of the 
cul-de-sac and the intercellular spaces of the dorsal 
root ganglion. 

The chief pathological problem for which the 
results of the present investigation may have signi- 
ficance is that of tabes dorsalis whose pathogenesis 
still lacks adequate explanation. Various hypotheses 
have been advanced, each suggesting a different 
anatomical site as the primary point of attack of the 
spirochete. 

At the present time the dorsal root is usually con- 
sidered to be the first neural site to be involved in 
the disease. This structure presents two so-called 
vulnerable zones: (1) the point of penetration of 
the spinal pia where the neurilemma is deficient, 
and (2) the radicular nerve of Nageotte lying just 
proximal to the root ganglion within the sub- 
arachnoid cul-de-sac. 

It is tempting to consider the pathogenesis of tabes 
in the light of the behaviour of india ink particles as 
described above, providing the initial assumption 
is made that the spirochetes gain access to the 
cerebrospinal fluid at an early stage of the disease. 
It would follow then that spirochetes would accum- 
ulate in the cul-de-sac of the spinal nerve roots and 
particularly in the lumbosacral region. The radicular 
nerve of Nageotte would then be open to their 
attacks as well as the ganglion cells in relation to 
the cul-de-sac. Penetration of the arachnoid (aided 


by the motility of the organisms) would lead to a 
permeation of the sub-dural space and the initiation 
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of the usual hyperplastic reaction in arachnoid, 
dura, and epidural tissue. 


The Perivascular Spaces.—The somewhat un- 
expected discovery of particulate matter in the 
depths of the perivascular spaces at once conflicted 
with the current conception of an outward move- 
ment of fluid from the perineuronal spaces to the 
subarachnoid space, as advanced by Weed (1914), 
Schaltenbrand and Bailey (1927), and Kubie (1928). 
In the absence of passive transport by phagocytes 
there is at present no explanation for this unusual 
finding. The ink suspension, teing isotonic with 
the cerebrospinal fluid, cannot be held responsible 
for the generation of an abnormal fluid flow. 
Further, the maintenance of the animal in a normal 
state of hydration would not set up the reversed 
flow normally associated with the intravenous 
injection of hypertonic solutions. 

There is a possibility that the experimental 
technique for the introduction of the indicator may 
be in part responsible. The free escape of cerebro- 
spinal fluid from the drill hole effects a partial 
emptying of the subarachnoid space and it may well 
be that some drainage of the perivascular spaces 
occurs at the same time. The subsequent inflow 
of the ink refills the subarachnoid space, and the 
restoration of normal cerebrospinal fluid pressure 
and volume may temporarily reverse the “‘ normal ” 
flow within the perivascular spaces to permit some 
ingress of particles. It seems unlikely, however, that 
the latter could be at all extensive in view of the 
fact that abnormal (low) pressure conditions exist 
for only a minute or so during each introduction. 
If there is a resumption of an outward fluid stream- 
ing it is to be expected that some washing out of 
the particles would take place to leave a minimal 
deposit in the depths of the spaces. The histological 
appearances suggest that this is not the case, as in 
many instances the deposition of the ink is uniform 
throughout the perivascular space. 

It may be concluded, then, that under physio- 
logical pressure conditions fine particulate sus- 
pensions in the cerebrospinal fluid are capable of 
penetrating the perivascular spaces in a period of 
24 to 48 hours and that the extent of this penetra- 
tion is related to the quantity of the indicator in 
the subarachnoid space. It is probable that with 
adequate and uniform filling of the whole space 
there would be a considerable degree of filling of 
most of the perivascular spaces of the central 
nervous system. 

The remarkable constancy with which ink 
particles were found in the perivascular spaces of the 
hippocampus and globus pallidus recalled the 
involvement of these regions in the anoxia resulting 
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from such agents as carbon monoxide, potassium 
cyanide, ether, morphine, respiratory failure, and 
dinitrobenzol poisoning (reviewed by Meyer, 1937). 
In addition siderophilic deposits occur normally in 
these two zones in man and inorganic iron is fre- 
quently demonstra‘le in and around the walls of 
the vessels of the globus pallidus. Alexander (1942) 
has also pointed out that the two most vulnerable 
structures of the human brain, the globus pallidus 
and the cornu Ammonis, are both supplied by the 
anterior choroidal artery (in man). 

The presence of perivascular spaces readily 
accessible to cerebrospinal fluid may be yet another 
aspect of the unusual vascular relations of these 
parts. 

Reference has already been made elsewhere (Field 
and Brierley, 1948) to a possible relationship between 
the distribution of the lesions of poliomyelitis and 
the penetration of the central nervous system by 
virus conveyed along perivascular spaces. The 
results described above have revealed a far more 
extensive invasion of perivascular spaces than was 
previously envisaged, and may well raise anew the 
role of the cerebrospinal fluid in the pathogenesis 
of the disease. 


Summary 


The literature relating to the subarachnoid 
** cul-de-sac ”’ is reviewed. 

A technique for introducing an india ink sus- 
pension into the cisterna magna of the rabbit 
without resultant rise in intracranial pressure is 
descrited. 

Forty-eight hours after the introduction typical 
** ink-cuffs ’’ are seen at the proximal poles of the 
root ganglia. 

There is naked eye evidence of spread of the ink 
over the surface of the ganglia, particularly in the 
ganglia of the sciatic nerve. 

The distribution of ink over the cerebral hemi- 
spheres, brain stem, and cerebellum is described. 

Histological examination revealed (normal 
material) that the subarachnoid space terminates 
near the proximal pole of the root ganglion as a 
well defined cul-de-sac. 

India ink particles accumulate in the cul-de-sac 
whence they pass into the sub-dural space, into the 
substance of the ganglion, and finally into the 
mixed spinal nerve. 

The perivascular spaces of the central nervous 
system contain amounts of india ink that vary with 
the degree of filling of the adjacent subarachnoid 
space. 

The perivascular spaces of the hippocampus, 
globus pallidus, and cerebellum were well filled in 
all members of the series. 














THE PENETRATION OF PARTICULATE MATTER FROM C.S.F. 


The physiological and pathological significance 
of these findings is discussed. 


The author records with pleasure his indebtedness to 
Professor A. Meyer for his valuable criticism, to Mrs. 
E. Beck for the photomicrographs, to Mrs. H. Cox for 
the histological preparations, and to Mr. P. Glenn for 
skilful assistance in the operative procedures. 
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SYPHILITIC OPTIC NEURITIS 


BY 
G. S. GRAVESON 


From the Department of Neurology, Manchester Royal Infirmary 


The broad division of syphilitic disease of the 
central nervous system into parenchymatous and 
meningo-vascular types has proved of considerable 
value, both in understanding the pathological 
processes involved in the clinical patterns of disease 
and in estimating their prognosis. Its application 
to syphilitic disease of the optic nerve has been 
neglected ; for whereas parenchymatous degener- 
ation manifesting itself as a so-called primary optic 
atrophy is well known, yet its counterpart—an 
inflammatory neuritis of the optic nerve—is ill 
defined in the literature and indeed seldom men- 
tioned. Partly, no doubt, this is because it is a 
rarer disease and partly, perhaps, because its effects 
are less serious and, therefore, have not created as 
much interest. Nevertheless, it is a condition of 
some importance, and its clinical features merit more 
attention than has hitherto been given to them. In 
this paper an attempt is made to define the clinical 
picture of syphilitic optic neuritis more sharply on 
the basis of a study of five cases seen in the last 
two years. 


- Case Reports 


Case No. 1.— A. R., a policeman, aged 
37, was admitted to hospital in January, 
1948, complaiaing of defective vision. 
He had first noticed a loss of acuity in 
the right eye in October, 1947. Whilst 
playing snooker one day he discovered 
that he was unable to see clearly the 
ball he was aiming to hit. Gradually, 
from this time onward, his distance 
vision became impaired and within a 
month near vision was also involved, so 
that he had difficulty in reading his 
writing with thiseye. Between Novem- 
ber, 1947, and January, 1948, no 
further deterioration occurred. Vision 
in the left eye was affected about three 
weeks after the onset in the right eye. 
There was a very slight deterioration in 
distance vision which had not pro- 
gressed after the first month. He had 
had no ocular pain or headache. 
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On examination his visual acuity was 6/24: 6/6. 
Both fundi showed identical changes. The optic disc 
was hyperemic and its margin was obliterated, the pink 
colour of the disc blending with that of the retina. The 
retinal veins were engorged but not obscured by the disc 
changes. There was no measurable swelling of the 
optic nerve head. The appearances were those of a 
papillitis. The fields of vision showed a central scotoma 
to a 3mm. white object in both eyes, a complete ring 
scotoma to a 10 mm. white object in the right eye, and a 
partial ring scotoma in the left eye. Coloured targets 
were not seen at all and further testing revealed that he 
had become, in fact, completely colour-blind. Both 
eye-balls were tender on pressure over their superior 
poles. 

Neurological examination was otherwise normal and 
there were no cardiovascular changes. The blood 
Wassermann reaction was positive 1 in 8. The cerebro- 
spinal fluid was normal in composition (1 cell per c.mm. ; 
35 mg. protein per 100 ml.; globulin, no increase ; 
Lange curve 0000000000); the Wassermann reaction 
was negative. 

A diagnosis of syphilitic retrobulbar neuritis was 
made and the patient was discharged from hospital and 


o Uncorrected V OLD. 40 
: ” * Refraction _ 


Fic. 1.—Case 1. (May, 1948) V.A. 6/18, 6/6. White targets. R. eye: 
enlarged blind spot, two nerve bundle scotomata and a small 
paracentral scotoma to 2/2000. 
enlarged blind spot ; constriction of 1/2000 isopter. 


1 mm. target not seen. L. eye: 
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out-patient treatment at his local clinic arranged. After 
two weeks preliminary treatment with bismuth (total 
6 ml. “stabismol’’) he was given 4 mega units of 
penicillin, followed by a two months’ course of intra- 


venous arsenic (5.05 g.) and intramuscular bismuth 
(15 ml. “‘ stabismol ”’). 


6 
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Fic. 2.—Czse 1. (August, 1949) V.A. 6/6, 6/6. White targets. 
R.eye: reduction in size of blind spot and nerve bundle scotomata. 
1/2000 isopter present but constricted. L. eye: 


smaller ; expansion of 1/2000 isopter. 


In May, 1948, his visual acuity had improved to 6/18 : 
6/5 and the bilateral papillitis had subsided. There was 
a slight pallor of the discs and their edges were a little 
indistinct. In the right fundus there was a small patch 
of choroiditis just below the macula which was respon- 
sible for a distortion of vision noticed just above the 
fixation point ; a vertical straight line appeared wavy at 
this point. The fields of vision had also improved 
(Fig. 1). The blind spot was enlarged in each eye. 
The right field showed a partial ring scotoma due to two 
nerve bundle defects, and also a paracentral scotoma 
corresponding to the patch of choroid- 
itis. The 2/2000 isopter was constricted bya 
and the 1 mm. target not seen at all. 
Colour vision had returned in the 
central part of the lower nasal quad- 
rant, a 20 mm. red target being visible ra 
here. The left field showed only a YY 
constriction of the 1/2000 and 2/2000 ‘ 
isopters. The blood Wassermann I | 
reaction was positive 1 in 4. A further 
course of bismuth and arsenic was given 
(30 ml. ‘“acetylarsan’ + 10 mi. 
** stabismol ”’). 

In September, 1948, visual acuity was 
6/9: 6/6. The disc margins were still 
indistinct, due to connective tissue 
overgrowth, but no cedema was present. 
The patch of choroiditis in the right 
macular area had become more pig- 
mented. The right field of vision had 
improved. The partial ring scotoma 
was smaller and the 1 mm. target was 
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Fic. 3.—Case 2. (March, 1948) V.A. 6/6, 6/12. White targets. 
enlarged blind spot. : 
scotoma to 1/2000, paracentral scotoma to 2/2000, slight 
concentric constriction of 1-5/2000 isopters. 
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now seen for 2° around the fixation point. The left 
field was unchanged. 

One further course of arsenic (30 ml. “‘ acetylarsan ”’) 
and one of bismuth (20 ml. “ stabismol”’) were given 
and the patient was seen again in May, 1949. He was 
then very well, his only symptom being the distortion of 

vision in the right eye. Visual acuity 
Uncoreted VOD 26 was 6/6: 6/6. The discs were normal 
aeowg in colour, but the edges were blurred 
- and the physiological cup was filled. 
The patch of choroiditis in the right 
fundus was densely pigmented and 
appeared to be healed. The fields of 
vision (Fig. 2) showed an expansion of 
\ \ the 1/2000 isopter to about 10° in each 
wane eye. The scotomata on the right side 
1d] ] were unchanged. The red fields had 
| | expanded though they were still con- 
siderably constricted. The blood 
BF is rs Wassermann reaction was now negative. 
a 


It was impossible to be sure of the 
date of this patient’s primary infection. 
He had been married ten years and 
his wife was found to have a positive 
blood Wassermann reaction. He denied 
extramarital exposure to infection after 
his marriage. It seems most likely that 
he acquired his disease before then and 
transmitted it later to his wife. His 
optic neuritis would, therefore, be a manifestation 
of the tertiary stage. 


bs 


blind spot 


Case No. 2.—James H., aged 33 years, was first seen 
in March, 1948. A month previously he had awakened 
one day to find that vision in his left eye was blurred. 
There was no accompanying headache or ocular pain. 
The blurring remained unchanged for two weeks and 
then improved a little. 

On examination his corrected acuity was 6/6: 6/12. 


Fundal examination revealed a bilateral papillitis. The 
Urarmens VOD 
_«# Refraction OD — 
—_ a A f Corrected VOD — 
— SR nate tS. A —+—— 
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R. eye : 
L. eye: enlarged blind spot; broad ring 
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discs were hyperemic and the edges blurred though 
their position could be identified. The retinal veins 
were slightly engorged but there were no hemorrhages 
or exudate. The right field of vision (Fig. 3) showed an 
enlarged blind spot and a slight contrac- 
tion of the 1/2000 white isopter. The 
left field revealed a broad ring scotoma 
to 1/2000 and a small paracentral 
scotoma to 2/2000. The blind spot on 
this side was also enlarged. The 
5/2000 and 10/2000 red isopters were 
considerably contracted, whilst a 5 mm. 
green target was not seen with either 
eye. The 10 mm. green target was not 
seen on the left and only within 5° 
on the tight. Physical examination 
was otherwise normal. 

The Wassermann reaction was 
positive in the blood (1 in 8) and 
cerebrospinal fluid, and the latter cor- 
tained 47 lymphocytes per c.mm.; 
55 mg. protein per 100 ml.; a slight 
excess of globulin (Pandy) and a Lange 
curve 01121100000. 

He was given 4-2 mega units of 
penicillin (200,000 units daily for three 
weeks). Six weeks later his acuity 
was 6/6 right and left, though there was still a subjective 
haziness of vision in the lefteye. Perimetry now showed 
only a small paracentral scotoma in the left field and a 
constriction of the 1/2000 isopter. 

Re-examination of the fields of vision in May, 1948, 
showed that the scotoma in the left field of vision had 
disappeared. The blind spots were smaller and the 
1/2000 isopters had expanded, though they were still 
constricted a little. The disc appearances, however, 
were unchanged. He was then given a course of eight 
weekly injections of 0-3 g. ‘‘ kharsulphan ”’ together with 
potassium iodide gr. 10 t.d.s. and pil hydrarg c. creta gr. 1 
t.d.s. by mouth, and this was followed by ten weekly 
injections of 0-07 g. ** bivatol ”’. 

In August, 1948, the visual acuity was 
still 6/6: 6/6; the discs showed 
blurred margins without swelling, due 
to overgrowth of connective tissue. 
The fields of vision were almost normal. 
The blood Wassermann reaction was 
positive 1 in 4; the cerebrospinal fluid 
was normal in composition and the 
cerebrospinal fluid Wassermann reaction 
negative. After a rest period he was 
given a second course of penicillin, in 
January, 1949 (600,000 units daily for 
six days) and a third and similar course 
in April, 1949. 

In May, 1949, the disc appearances 
and the fields of vision were unchanged, 
except for a slight expansion of the 
1/2000 isopter in the left eye (Fig. 4) ; 
the blood Wassermann reaction was 
still positive 1 in 2. 


Case No. 3.—Ellen H., aged 44, the 
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wife of James H. (Case 2), was first seen in February, 
1948, complaining of blurring of vision in the right eye of 
six weeks’ duration. The mistiness of vision, initially of 
sudden onset, increased for two weeks and then remained 
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Fic. 4.—Case 2. (May, 1949) V.A. 6/6, 6/6. Fields for white targets 
now show reduction in size of blind spots, with a disappearance 
of the scotomata and expansion of isopters in L. eye. 
1-2/2000 isopters are a little smaller than in Fig. 3. 


In R. eye 


stationary. For the first three weeks she suffered 
from headaches over the right eye and in the right 
temporal region. Four months previously she had 
developed a red macular rash over the arms, neck and 
trunk. It had lasted six weeks and left a brownish 
discoloration over the skin. At the same time she 
noticed that her hair was beginning to fall out. 
Examination showed widespread patchy areas of 
brownish pigmentation of the skin of the neck, trunk 
and arms and a diffuse alopecia of the scalp. The discs 
showed a bilateral papillitis. In the right eye the 


swelling of the disc head extended for a distance of 
2—3 disc diameters 


into the surrounding retina, 





Fic. 5.—Case 3. (February, 1948) V.A. 3/60, 6/9. White targets. 
R. eye: greatly enlarged blind spot ; dense pericentral scotoma 
to 2/2000. Constriction of 2-5/2000 isopters. 
not seen. 
1-2/2000 isopters. 


1 mm. target 
L. eye: enlarged blind spot with constriction of 
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obscuring the disc margin and the vessels crossing it. 
The retinal veins were distended, but there were no 
hemorrhages or exudate. In the left eye there were 
similar but less pronounced changes. Visual acuity was 


3/60 : 6/9. The right field of vision 

(Fig. 5) showed a small, dense, tems ¥OS 2 
pericentral scotoma and an enlarge- Réredin OF 
ment of the blind spot. The peripheral oe 


field was full (3/330), but there was a 
constriction of the 5/2000 and 2/2000 
white isopters, whilst the 1 mm. white 
target could not be seen. In the left 
eye the blind spot was enlarged, but 
there was no central scotoma. The 
1, 2, and 5 mm. white isopters were 
constricted and also the 2—10 mm. 
redisopters. Neurological examination 
was otherwise normal. 

The blood Wassermann reaction was - 
positive 1 in 8. The cerebrospinal 
fluid was normal in composition (1 cell 
per c.mm. ; 25 mg. protein per 100 ml.; 
globulin, no increase; Lange curve, 
0000000000), and the Wassermann 
reaction negative. 

The patient was given, first, four 
weekly injections of bismuth (1 ml. 
** bismostab ’’) and then 4:2 mega units of penicillin 
(100,000 units b.d. for three weeks). This was 
followed by alternating courses of arsenic (03 g. 
“‘sulpharasine ”’ for eight weeks) and bismuth oxychloride 
(0°75 ml. “ chlorostol ’’ for eight weeks), three of each 
in the next twelve months. 

Two months after the beginning of treatment in 
April, 1948, there had been a considerable improvement 
in her condition. Her hair had begun to grow again 
and the rash had almost completely disappeared. Her 
visual acuity was now 6/18: 6/6. The right disc was 
still hyperemic and its margin was blurred, but the left 
disc was normal. The fields of vision showed enlarge- 
ment of the blind spots and constriction of the smaller 
isopters. The 1 mm. target was still invisible on the 
right side. In June, 1948, her acuity was 6/9: 6/5. 
The 1 mm. target was seen up to 10° in the right eye, 
except for a minute area at the fixation point (<1°). 
By August this small scotoma had disappeared, the 
blind spots were smaller in size, and the 1-2/2000 white 
and 3-10/2000 red isopters had expanded considerably. 

She was not seen again until July, 1949, by which time 
her hair had regrown completely and there was no trace 
of the old skin eruption. Her visual acuity (6/9: 6/6) 
and the fields of vision (Fig. 6) had not changed in the 
preceding twelve months. The discs were quite normal 
in appearance, except that no physiological cup was 
visible in either eye. The blood Wassermann reaction 
was now normal. 

The occurrence of this rare condition at the same time 
in man and wife must be unique. Unfortunately, it 
was not possible to be certain how each acquired 
infection. The husband gave a history of urethral 
discharge at the age of 18 and again at 31, that is 18 
months before the onset of the optic neuritis. Because 
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of this relapse marital intercourse ceased. Yet his wife 
had a secondary stage rash with alopecia at the time her 
optic neuritis occurred. Both denied extramarital 
intercourse at any time. It is felt, however, that each of 
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Fic. 6.—Case 3. (July, 1949) V.A. 6/9, 6/6. Fields now show almost 
normal blind spots and expansion of 1-2/2000 isopters. 
pericentral scotoma in the R. eye. 


No 


them acquired infection in this way at different times 
and that the simultaneous development of optic neuritis 
was a coincidence. In the husband’s case the neuritis 
was, therefore, a feature of the tertiary stage. 


Case No. 4.—J. C., a man of 61, was first seen in 
October, 1949. Five weeks previously he had awakened 
to find that vision in his right eye was misty. This 
slowly got worse for a week, by which time he could not 
see to read with the eye and distance vision was reduced 
to about six yards. After a fortnight there was some 
improvement, and when first seen he could read news- 
paper headlines. At no time did he have ocular pain 
or headache. 

Examination revealed an acuity of 6/18: 6/9. Both 
optic discs showed the changes of papillitis : hyperemia, 
blurring of the margins, disappearance of the physio- 
logical cup. The retina was normal. Ocular tenderness 
was not increased. The only other neurological 
abnormalities were an absence of the ankle jerks, a 
diminution of vibration sense at the ankles, and a 
persistent jerking nystagmus to right and left. The 
blood Wassermann reaction was found to be positive 
1 in 8. 

He was admitted to hospital on October 25. The 
ocular signs were unchanged except for a further reduc- 
tion in vision to 6/36: 6/12. The fields of vision 
(Fig. 7) showed a concentric construction of white 
isopters with disappearance of the smaller ones—more 
marked in the right eye than the left. The blind spots 
were enlarged in both eyes. There were no scotomata. 


Colour fields were correspondingly affected. Examin- 
ation of the cerebrospinal fluid showed 110 lymphocytes 
per c.mm., proteins 50 mg. per 100 ml., globulin 
increased, Lange curve 5543321000, and the Wassermann 
reaction positive. 
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The patient was treated with 600,000 units procaine 
penicillin daily for three weeks. Improvement by the 
end of this period was striking. Visual acuity was now 
6/18: 6/9. The visual fields had expanded considerably 





Fic. 7.—Case 4. (November, 1949) V.A. 6/36, 6/9. White targets. 
1 and 2 mm. 
The 10/2000 isopter partially outlines a greatly 
L. eye: gross enlargement of blind spot 
1 mm. target not seen. 


R. eye: 5-10/2000 isopters very constricted. 
targets not seen. 
enlarged blind spot. 
with constriction of 2 and 5 mm. isopters. 


and the papillitis was subsiding. The cerebrospinal 
fluid had improved also ; 29 lymphocytes per c.mm., 
proteins 50 mg. per 100 ml., Lange curve 334332100. 

By January, 1950, his acuity was normal 6/6: 6/6. 
The fields of vision (Fig. 8) showed further improvement 
and the papillitis had almost completely subsided 
without atrophy developing. The blood Wassermann 
reaction was still strongly positive. Treatment is being 
continued with arsenic and bismuth injections. 

It was impossible to discover the date of primary 
infection in this patient. He denied symptoms of the 
primary and secondary stage at any time. It seems 
probable that he acquired the disease from his wife, 





Fic. 8.—Case 4. (January, 1950) V.A. 6/6, 6/6. Fields now show 
considerable reduction in size of blind spots and expansion of 


isopters. 1 mm. targets now seen in both eyes. 
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who was found to have syphilis in 
when no intercourse had taken place. It would appear, 
therefore, that his optic neuritis was a tertiary 
manifestation and his other neurological abnormalities 
tend to support this conclusion. 


1946, since 
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: oncow og ~ Case No. 5.—H. S., a man aged 37 
FF years, was admitted to hospital on 


August 29, 1949. He gave the following 

history. Sixteen years ago he had 

oO developed a right-sided ptosis, ap- 
parently without diplopia, which cleared 

up spontaneously in two to three weeks. 

ee A year later he awoke one morning to 
find he was almost completely blind in 
the right eye. There was no accom- 
i panying pain or headache. No change 
es, * in the vision of this eye had ever 

F occurred and he was only able to see 
movements with it. For at least ten 
years he had known that he had lost 
his sense of smell. For eight years he 
had been aware of muscle spasms 
affecting the left side of his face. Three 
weeks before admission he noticed 
one morning a blurring of vision in the 
left eye. This rapidly increased and 
within a week he was unable to 
see anything clearly. 

Examination revealed bilateral anosmia ; bilateral 
facial paresis (L>R) with inability to whistle ; inter- 
mittent shock-like spasms affecting, simultaneously, the 
whole of the facial musculature on the left side. Pupils 
were both regular, R, 3 mm.; L, 4 mm.: the left con- 
tracted briskly to light ; the response of the right was 
poor and ill-sustained. Vision was reduced to: right, 
hand movements ; left, 2/60. The right optic disc 
showed the appearances of secondary atrophy. It was 
dead white in colour, its margins were not clear cut, and 
the physiological cup was filled. The retina and vessels 
were normal. The left fundus showed an enormous 
swelling of the disc head with a 
prolongation of the cedema along 
the superior temporal vessels. The 
veins were distended, especially the 
Superior temporal, and there were 
hemorrhages around this vessel which 
appeared to be the seat of a peri- 
phlebitis. In the macular area was a 
cluster of refractile hard exudates. 
The vitreous was hazy and, in addition, 
there was an old vascularized keratitis 
near the inferior limbus. The fields 
of vision (Fig. 9) showed a persisting 
island of peripheral vision on the right 
side. Originally he must have had a 
large central scotoma which broke 
out into the periphery of the visual 
field. In the left field the 5 and 
10 mm. white targets were seen vaguely 
but it was possible to detect 
an enlargement of the blind spot. 
There was no central scotoma. 
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The Wassermann reaction was strongly positive in 
the blood but negative in the cerebrospinal fluid. The 
latter was under normal pressure (130 mm.) and was 
normal in composition (4 cells per c. mm., proteins 

Uneorrectea V.0.S. 


260 
Refraction O.S. — 
Correct VOS.—, 





Fic. 9.—Case 5. (August, 1949) V.A. H.M. 2/60. White targets. 
R. eye: peripheral island of vision in lower nasal quadrant to 
20 mm. target. L. eye: greatly enlarged blind spot with con- 






(Fig. 10) showed much improvement. It was now 
possible to define a nerve bundle scotoma in the inferior 
half field on the left. The 1 mm. white target was still 
invisible. The peripheral island of vision in the right eye 
had also expanded. The left disc 
was still hyperemic and its margins 
were blurred, but the swelling 
had almost subsided and all 
hemorrhages and exudates had dis- 
appeared. The sheathing along the 
superior temporal vessels was now 
25%: very marked and there was a patch of 
235% choroiditis adjacent to the disc margin 

+4 where these vessels crossed it. The 
I} | | other neurological abnormalities per- 
| | sisted unchanged. The blood Wasser- 
mann reaction was now negative. 

The date of primary infection could 
not be discovered, but it seems clear that 
it must have been at least 16 years before 
the present attack of optic neuritis. The 
multiple cranial nerve involvement 
Suggests that the pathology is one of 
chronic syphilitic meningitis. 


striction of isopters especially in the lower quadrants. 1 and 2 


mm. targets not seen. Vision very hazy in the preserved field. 


20 mg. per 100 ml., Lange curve 0000000000). 

The patient was given 600,000 units of procaine 
penicillin daily for three weeks. Visual acuity in the 
left eye had improved by then to 6/24, the swelling of 


_ the disc was subsiding, and a white sheathing of the 


superior temporal vessels had developed. The macular 
exudate remained. 

He was seen again in January, 1950, having had no 
further treatment. The acuity was now 6/12 in the left 
eye. He considered this to be his normal vision, for he 
had had the keratitis for a long time. The visual fields 
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The Clinical Course of Syphilitic 
Optic Neuritis 

Optic neuritis may occur in syphilis in three forms ; 
(1) as an exacerbation of congenital infection, 
(2) in the secondary stage, and (3) as a feature of 
the tertiary meningo-vascular period. Of the five 
cases described one falls into the second group and 
the other four into the third. The ocular distur- 
bance itself, however, does not appear to differ in 
these various stages. 

The onset is usually abrupt, blurring of vision 
being noticed suddenly, and this may increase in 
density for a period of days or 
weeks and then remain stationary, 
or even sometimes improve a little 
spontaneously. Headache, or ocular 
pain, was mentioned by one patient 
only, a surprising feature in view 
of its frequency in the common 
acute retrobulbar neuritis. 


Visual Acuity.—The outstanding 
feature of these cases is the fact 
that visual defect has only been 
noticed subjectively in one eye, 
whereas ophthalmoscopic changes 
have been present in both. Case 5 
is an exception, but his opposite 
eye has been amblyopic for many 
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Fic. 10.—Case 5. (January, 1950) V.A. H.M. 6/12. Fields nowshow years. This seems to be of con- 


R. eye: enlargement of peripheral island of vision suggesting 
an original central scotoma breaking through to the periphery 
in the upper temporal quadrant. L. eye: reduction in size of 
blind spot ; nerve bundle scotoma in lower quadrant, expansion 


of isopters. 1 mm. target not seen. 


siderable diagnostic importance, 
since other forms of bilateral optic 
and retrobulbar neuritis produce 
bilateral visual failure. The reduction 
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in acuity was to less than 6/60 in two cases and to a 
level above this in the other three. 


Ophthalmoscopic Changes.—In four patients the 
fundus showed changes typical of papillitis. The 
disc was intensely hyperemic, its margins were 
blurred and the cup filled in, the retina and disc 
being of a uniform redness. Swelling, however, 
was minimal, insufficient to submerge the blood 
vessels, and there were no hemorrhages or exudates. 
In Case 5, however, the changes were different. 
Here there was a gross oedema of the disc head 
and spread of inflammation, first to the superior 
temporal vein, producing periphlebitis with hemor- 
rhages and later fibrous scarring and, secondly, to 
the choroid producing local choroiditis. In this 
case there was also an accompanying vitreous haze. 

The disc changes have tended to subside more 
slowly than the improvement in acuity resulting 
from treatment and have usually been incompletely 
reversible. Even with restoration of normal vision 
for long periods, the disc margins have remained 
indefinite and the physiological cup has not returned, 
a result presumably of glial overgrowth. Only in 
Case 5 has post-neuritic atrophy been seen. In 
Case | a patch of choroiditis was present in the 
macular region, but developed after the onset of 
the optic neuritis. 2 


Changes in the Fields of Vision.—The earliest 
changes are to be seen in subjectively unaffected 
eyes. Here we may note as characteristic findings 
(1) an enlargement of the blind spot, and (2) a 
concentric constriction of the smaller isopters both 
white and coloured. Provided these changes are 
not marked, they are compatible with normal 
vision. They indicate a very slight disturbance of 
the whole cross section of the nerve and an inter- 
ference with visual reception in the retina immed- 
iately surrounding the disc. When more severe, 
as in Cases 4 and 5, visual failure will occur in the 
absence of any localized central defect in the field. 
Damage to particular groups of nerve fibres may 
then occur, however, and result in corresponding 
field changes. Thus involvement of the papillo- 
macular bundle will produce central or paracentral 
scotomata (Cases 1, 2, and 3), whilst damage to 
other segments will produce nerve bundle defects 
radiating from the blind spot (Cases 1 and 5). In 
a further case, only seen once and, therefore, not 
reported in full because of insufficient data, a 
complete inferior altitudinal hemianopia together 
with a central scotoma was seen. 

These changes have been more or less completely 
reversed by treatment, particularly the central 
scotomata, so that normal acuity has been restored. 
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Other Neurological Abnormalities.—In three cases 
(1, 2, and 3) neurological examination was otherwise 
normal. In one of these the optic neuritis occurred 
in the secondary stage, in the other two in the 
tertiary stage. Case 4 showed evidence of minor 
cord changes: absent ankle jerks and diminished 
vibration sense in the feet and ankles. Case 5 
showed evidence of multiple cranial nerve damage, 
the nerves being presumably involved in a chronic 
basal meningitis. 


Serology and Cerebrospinal Fluid Changes:—The 
blood Wassermann reaction was positive in all 
cases and the cerebrospinal fluid Wassermann 
reaction only positive in those cases showing 
changes in the fluid (Cases 2 and 4). These latter 
changes consisted of increases in the cell count and 
protein content and changes in the Lange curve, 
one paretic, one mildly luetic. It seems justifiable 
to conclude, in view of the normal findings in some 
cases, that syphilitic optic neuritis may occur in the 
absence of diffuse meningeal changes. 


Prognosis.—In marked contrast to syphilitic optic 
atrophy, the prognosis of syphilitic optic neuritis ‘iis 
good with adequate anti-syphilitic treatment. Cases 
1, 2, and 3 were treated with penicillin followed by 
courses of arsenic and bismuth and have regained 
normal vision. In Cases | and 3 the blood Wasser- 
mann reaction has become negative, whilst in 
Case 2 the cerebrospinal fluid became normal and 
the blood Wassermann reaction only weakly 
positive after a period of 18 months. Cases 4 and 
5, treated with penicillin alone but in larger doses, 
have not been followed up so long; in Case 4 
normal vision has been achieved but the blood 
Wassermann reaction remains strongly positive 
after four months. In Case 5 there has been a very 
considerable improvement in vision and a reversal 
of the blood Wassermann reaction after five months. 
When the condition is neglected, however, serious 
loss of vision may occur, as exemplified in the 
earlier history of Case 5, who had an attack of 
optic neuritis in his right eye 16 years previously, 
with no recovery and the development of a severe 
post-neuritic atrophy. The condition was not 
diagnosed at that time and no treatment was given. 


Differential Diagnosis.—The condition has to be 
distinguished from (a) acute retrobulbar neuritis of 
non-syphilitic origin, and (6) other syphilitic 
disorders producing comparable ophthalmoscopic 
changes. 

In the common demyelinating acute retrobulbar 
neuritis the disturbance is unilateral and the patient 
usually experiences headache and ocular pain. 
The disc may be normal or show papillitis and there 
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is marked tendency for atrophy to develop even 
when vision has recovered. Syphilitic optic neuritis, 
on the other hand, tends to be bilateral from the 
start, though vision may only be affected in one eye. 
Spontaneous remission is usual in the first and 
probably uncommon in the second. Of the field 
changes the existence of defective acuity in the 
absence of a central scotoma is a point in favour of 
a syphilitic etiology. Differentiation from the much 
rarer acute bilateral retrobulbar neuritis may be 
more . difficult. In either case, diagnosis must 
depend on the finding of a positive Wassermann 
reaction. 

Syphilitic optic neuritis has to be distinguished 
from (1) hyperemia of the disc occurring in the 
secondary stage of infection, (2) syphilitic papill- 
cedema as a sequel to hydrocephalus due to a 
gumma or acute or chronic meningitis and, possibly, 
(3) syphilitic opto-chiasmal arachnoiditis. Hyper- 
emia of the disc is rare and is noticed only 
incidentally, since it produces no visual symptoms. 
Papilledema may be difficult to differentiate from 
the early stages of optic neuritis as it, too, may 
produce little or no visual impairment. Its under- 
lying cause will usually give rise to distinguishing 
symptoms and signs, however, and confirmation 
will be obtained by finding a raised cerebrospinal 
fluid pressure. Opto-chiasmal arachnoiditis is 
impossible to diagnose with certainty clinically, but 
it can cause ophthalmoscopic and field changes 
similar to those of optic neuritis. It should, 
perhaps, be considered in cases of apparent neuritis 
which fail to improve with treatment. 


Discussion 


Many names have been attached to this and 
similar syphilitic disorders of the optic nerve 
including neuroretinitis, perioptic neuritis, retro- 
bulbar neuritis, papillitis, gamma of the nerve head, 
opto-chiasmal arachnoiditis, choroiditis juxta 
papillaris. This confusion of nomenclature is 
doubtless due, in part at least, to the absence of 
histological study of the earliest manifestations of 
the disease. The few pathological findings which 
have been reported have concerned cases which 
have progressed to late atrophy of the nerve. They 
have shown that the nerve fibres are involved 
secondarily to an inflammatory reaction in the 
sheaths and septa of the nerve. This reaction has 
teen most marked in the intracranial portion of the 
nerve and less extensive in the intraorbital part. 
Such facts are difficult to reconcile with the clinical 
picture, for it would appear altogether probable 
from this that the initial focus of disease is 
situated in the papilla, and that spread of the 
disease may occur either into the retina and choroid, 
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or backwards along the nerve itself. In the first 
case neuroretinitis or choroiditis juxta papillaris 
may result, in the second perioptic neuritis, or even 
opto-chiasmal arachnoiditis. Should the process 
be very intense then actual gumma formation in 
the papilla might occur. Another rare but inter- 
esting syndrome is that described by Fuchs (1926) 
as neuritis papulosa, a syndrome consisting of 
enormous swelling of the disc, periphlebitis and 
choroiditis. In this condition fibrous adhesions 
may later develop between the papilla and the 
patches of choroiditis, giving rise to a picture of 
retinitis proliferans. Case 5 here would seem to 
fall into this category, but it is felt that the initial 
localization of the disease in this case was essentially 
similar to that in the other four cases, the difference 
“1 the clinical picture being due to the intensity of 
the papillitis and to a spread of inflammation to 
involve the retinal veins on the one hand and the 
choroid on the other. 

In the absence of precise pathological details it 
has, therefore, been felt desirable to describe the 
condition as one of optic neuritis. The term retro- 
bulbar neuritis has little to commend it, for it seems 
extremely .doubtful whether the classical picture of 
this condition, namely, a central field defect occur- 
ring without alteration of the optic nerve head 
ever occurs in syphilis. When central scotomata 
occur with primary syphilitic optic atrophy, the 
underlying pathology is one of meningeal involve- 
ment. Papillitis may possibly prove to be a more 
exact description, but it suggests a restriction of 
the disease process which is, as yet, unsupported by 
pathological findings. 

The literature on the subject is scanty. Apart 
from a few reports of single cases, the only con- 
siderable contributions have been those of Wilbrand 
and Saenger (1913), Igersheimer (1918) and, more 
recently, Walsh (1947). Wilbrand and Saenger’s 
three cases each had unilateral post-neuritic atrophy 
with central scotoma or concentric constriction of 
the visual field. Two were examined post-mortem 
and showed fibrous thickening and cellular infil- 
tration of the sheath and septa of the nerves with 
atrophy of the margin nerve fibres. They considered 
that the initial lesion was in the papilla with 
subsequent spread backwards to the optic nerve, 
and that the optic neuritis was not part of a more 
widespread syphilitic meningitis. Igersheimer (1918) 
gives brief details of 13 cases of optic neuritis. 
All but two recovered normal vision after treatment, 
and in most cases the fundus also returned to 
normal. Igersheiner also thought that the in- 
flammatory disturbance was focused at the papilla. 
He stated that it occurred more commonly in the 
absence of other neurological abnormalities, some- 
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times in the secondary stage of infection, but more 
often later. He explained the field changes as due 
to nerve bundle defects, central scotomata being 
the result of involvement of the papillo-macular 
bundle as it lies superficially in and behind the 
papilla. . 

Walsh (1947) attempts to distinguish between 
perioptic neuritis, neuroretinitis, retrobulbar neuritis 
and gumma of the nerve head. The result is not 
very satisfactory, as the clinical features of these 
several conditions overlap. He describes four 
cases ; one clearly had a chiasmal lesion, another 
possibly had tobacco amblyopia. The other two 
were not examined in the early stages and atrophy 
of the nerve had developed associated with central 
field defects. Two improved with anti-syphilitic 
treatment and two did not. 

Sloan and Woods (1938), in a study of visual 
field defects in syphilis, recerd the changes in three 
cases of active optic neuritis, one occurring in the 
secondary stage, two due to neurorecurrence. All 
showed enlargement of the blind spot and either 
nerve bundle lesions or central scotomata. 

Mention must also be made of syphilitic opto- 
chiasmal arachnoiditis, a condition dealt with in 
particular by Bollack, David, and Puech (1937) and 
Hausman (1937, 1941, and 1942). Such a diagnosis 
can only be established by surgical exploration, 
and although this has mainly been done in cases of 
optic atrophy unresponsive to treatment, yet some 
patients have presented with papilledema. The 
combination of this with diminished visual acuity 
and field defects raises the question of its differential 
diagnosis from syphilitic optic neuritis as here 
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described. Clinically, this would seem at times to 
be impossible until the effects of anti-syphilitic 
treatment have been observed, for whereas optic 
neuritis responds well to therapy, arachnoiditis is 
seemingly refractory. 


Summary 


Five cases of syphilitic optic neuritis are described. 
The condition is one which may occur in the 
secondary or tertiary stages of infection. Its mode 
of presentation is similar to the commoner demy- 
elinating acute retrobulbar neuritis, in that unilateral 
failure of vision is complained of but, character- 
istically, bilateral ocular changes are found. The 
clinical features are described and the favourable 
results of treatment contrasted with the lack of 
response in syphilitic optic atrophy. 


I wish to thank Dr. F. R. Ferguson and Dr. G. E. 
Smyth for permission to record the details of patients 
under their care. 
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OCULAR PALSIES WITH NASAL SINUSITIS 


BY 
HELEN DIMSDALE and D. G. PHILLIPS 


The diagnosis of nasal sinusitis as a cause of 
ocular palsy has recently fallen into disfavour, 
particularly since the importance of congenital 
aneurysm as a cause of third nerve palsy has been 
recognized. _ 

It is the purpose of this communication to record 
a series of fully investigated cases of ocular palsy 
observed over some years, in which the palsies were 
associated with the presence of a chronic infection 
of the nasal sinuses. We made a short preliminary 
report of these cases in 1948.* Since then one 
further example has been added to the series. 


Historical Review 


The association of ocular palsies with nasal sinus 
infection has been recognized for many years. 
Trantas (1893) described a patient with left ex- 
ophthalmos and total left ophthalmoplegia, in whom 
recovery from ocular palsy followed drainage of the 
infected sinuses, though severe visual loss resulted, 
with optic atrophy. Trantas mentions the occur- 
rence of other cases of sinus disease with blindness 
and third nerve palsy in the literature. Further 
early cases in the continental literature are quoted 
by Onodi (1914) and Rollet (1933). In recent times 
the relatively few recorded cases include those 
with isolated third nerve palsy (Sluder, 1927; 
Rollet and Parthiot, 1929; Genet, 1929; Rollet, 
1933; Yaskin, 1939), isolated fourth nerve 
palsy (Sluder, 1927; Redslob and Delbos, 1941), 
isolated sixth nerve palsy (Caliceti, 1927 ; Sargnon 
and Parthiot, 1930; Horgan, 1931; Diamant, 
1937), and multiple ocular palsies (Sargnon, 1923 ; 
Sluder, 1927 ; Stieren and McKee, 1932; Yaskin, 
1939; Kretzschmar and Jacot, 1939). Nearly all 
the patients had short histories and rapid and 
complete recoveries following treatment of infected 
sinuses. The only fatal case among these was a 
man who died 40 days after operation of meningitis 





* Communication read at the Congress of the United Kingdom 
Ophthalmological Society in April, 1948. 


(Rollet, 1933). This patient had, in addition to 
ocular nerve palsy, an optic neuritis. 


Pathological Anatomy 


Exhaustive studies of the relation of the ocular 
nerves to the nasal sinuses have been made by 
Sluder (1913), the Onodis (1914), and Houser (1933). 
During the course of these nerves from the brain 
stem through the superior orbital fissure to the 
orbit, there are two sites where the anatomical 
relationships predispose to palsies as a result of 
sinus infection. 

The third nerve after it emerges from the anterior 
end of the cavernous sinus lies in close relation to the 
upper part of the lateral wall of the sphenoidal and 
posterior ethmoidal sinuses, especially if pneuma- 
tization has extended into the attached root of the 
lesser wing of the sphenoid. It should be noted that 
the optic nerve is also in close relation here. 

The fourth and sixth nerves are more laterally 
placed, but may be involved by extension of the 
infective process from the anterior or posterior 
groups of sinuses into the superior orbital fissure. 

The sixth nerve alone is in relation to the posterior 
wall of the sphenoidal sinus in Dorello’s canal. 
This canal is bounded by the posterior clinoid 
process, the apex of the petrous bone, and the 
petro-clinoid ligament, and transmits the sixth nerve 
and the inferior petrosal sinus. There is much 
variation in the extension of the sinus cavity back- 
wards in the body of the sphenoid bone, and in some 
skulls there may be as little as two millimetres 
between Dorello’s canal and the interior of the sinus 
cavity (Houser, 1933). 

Involvement of the sixth nerve by a spread of 
inflammation to the apex of the petrous bone from 
an ear infection, as in Gradenigo’s syndrome, is 
well known. Symonds (1944) suggested that in a 
proportion of cases this syndrome may result from a 
thrombophlebitis of the inferior petrosal sinus. In 
some individuals the sixth nerve reaches the lateral 
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wall of the cavernous sinus by first penetrating the 
inferior petrosal sinus. In view of the relative 
frequency of sixth nerve palsy in association with 
otitis media and mastoiditis, it is rather surprising 
that it should not be encountered more frequently 
as a result of sphenoiditis. 


Case Material 


The cases are divided into two main groups: 
ocular palsies with sphenoiditis; ocular palsies 
with inflammation of the superior orbital fissure. 


Ocular Palsies with Sphenoiditis (Four Cases).— 
These cases form a well-defined group. The patients 
presented with headache and double vision. They 
were apyrexial and did not complain of nasal 
symptoms, but radiological examination showed 
opacity of the sphenoidal sinuses and extreme 
rarefaction of bone around the sella turcica. 
Surgical drainage of the infected sphenoidal sinuses 
was performed, with immediate improvement in the 
ocular palsies, progressing to partial or complete 
recovery. Radiological examination after some 
months showed regeneration of the decalcified bone 
about the sella. 


Case 1.—Mrs. F. B., aged 60 years, was admitted to 
Chase Farm Hospital on August 8, 1943, from the Royal 
London Ophthalmic Hospital. Five months previously 
she had noticed double vision on looking to the left ; 
this lasted for two weeks. Three weeks before admission 
the double vision recurred accompanied by pain in the 
right side of the forehead and drooping of the right 
eyelid. About the same time she noticed the sight of 
the left eye was deteriorating. For many years she had 
a nasal discharge with loss of sense of smell, but about 
five years ago the discharge had ceased. 

On examination there was bilateral anosmia. She 
was myopic, otherwise the fundi were normal. The 
visual field of the left eye showed a slight superior nasal 
constriction and a hemianopic temporal defect with 
sparing of fixation to 3/1500 white. The visual field of 
the right eye was full. The left visual acuity was 6/36, 
and the right 6/12 corrected. There was a right partial 
ptosis, with absence of elevation and adduction ; 
depression was weak. The superior oblique muscle was 
active. The right pupil was slightly larger than the 
left but reacted normally. The rest of the nervous 
system was normal. The blood pressure was 180/100 
mm., and there was moderate peripheral arteriosclerosis. 

The sedimentation rate was 17 mm. in one hour ; 
the blood count was normal. The blood Wassermann 
reaction was negative, and the cerebrospinal fluid was 
normal. Radiological examination showed erosion of 
the middle of the dorsum sellz, floor and neighbouring 
parts of the sphenoid, with generalized opacity of the 
nasal sinuses. 

On September 2, 1943, a bilateral Caldwell-Luc 
operation was performed by D.G.P. with free drainage of 
pus from the antra, ethmoids, and sphenoidal sinuses. 
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Culture grew hemolytic streptococci. Sulphathiazole 
was given post-operatively. 

On September 6 the ocular movements had improved 
and ten days after operation were full, apart from slight 
ptosis. The visual field of the left eye had expanded 
and the left visual acuity was 6/12 corrected. Radiological 
examination a month after operation showed some 
re-formation of the dorsum sellz. 

Five years later the patient was well, and the sella 
turcica was normal apart from slight irregularity of the 
floor. 


Although there were no recent nasal symptoms, 
a sphenoiditis and pansinusitis produced a right 
third nerve palsy complete except for the pupillary 
fibres. There was interference chiefly with the nasal 
fibres of the left optic nerve. Recovery resulted 
from drainage of the infected sinuses. 


Case 2.—Martin W., a man aged 46, was admitted to 
Chase Farm Hospital on October 10, 1946, from the 
Royal London Ophthalmic Hospital. He complained 
of attacks of shooting pains in the right temple for the 
past six months. One month before admission he 
started to see double and the right eyelid drooped. 
There was no history of nasal discharge. 

On examination there was no anosmia. The fundi, 
fields, and visual acuity were normal. The right pupil 
reacted sluggishly to light and accommodation. There 
was a right partial ptosis with weakness of elevation, 
adduction, and depression. Two weeks after admission 
a -weakness of the right superior oblique muscle 
developed. No clinical evidence of sinus infection was 
detected. 

The sedimentation rate was 12 mm. in one hour, the 
blood count normal. The blood Wassermann reaction 
was negative, and the cerebrospinal fluid was normal. 
Radiological examination showed that the dorsum and 
floor of the sella were destroyed, with an opacity of the 
sphenoidal sinus. Bilateral carotid arteriography and 
air encephalography demonstrated no abnormalities. 

On December 17, 1946, at the Brentwood Annexe of 
the London Hospital the sphenoidal sinus was explored 
by Mr. Keogh. The posterior part of the bony roof of 
the sinus felt soft. The sinus was filled with 4 ml. of 
dark brown fluid under pressure containing pus cells, 
and on culture grew Staphylococcus pyogenes. 

Three months after operation some weakness of 
elevation and depression remained, but the other move- 
ments were full, and there was no ptosis. Radiological 
examination a year later showed partial re-formation of 
the floor of the sella. 


Paresis of the right third and fourth nerves was 
produced by an infected cyst of the sphenoidal 
sinus. There were no nasal symptoms. Partial 
recovery occurred after drainage of the sphenoidal 
sinus with re-formation of the bone. 


Case 3.—J.S.,a man aged 60 years, was admitted to 
the London Hospital on November 10, 1947. Nine 
months previously he had noticed double vision for 
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Fic. 1 








Fic. 1b (Case 3).—Regeneration of sella ; 
sinus (two months later). 
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Fic. la (Case 3).—Rarefaction of sella turcica ; 
sphenoidal sinus. 


three weeks, and a dull aching pain in the left temple. 
The double vision recurred in May and September, 1947, 
and lasted three weeks on each occasion. There was a 
history of chronic nasal discharge since a blow on his 
nose by a cricket ballin 1912. In 1920 a nasal polyp was 
removed. 

On examination there was no anosmia. The fundi 
and pupils were normal. There was diplopia on looking 
up and to the right, suggestive of a left inferior oblique 
paresis. There was no clinical evidence of sinusitis. 
Radiological examination showed destruction of the 
floor of the sella turcica, with opacities of very large 
sphenoidal sinuses and the maxillary sinuses (Fig. 1a). 





clear sphenoidal 


opacity of 
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On October 29, 1947, Mr. Bowen-Davies 
performed operative drainage of the sinuses. 
Polypoid mucosa was found in the posterior 
ethmoidal cells. The left sphenoidal sinus 
contained some curious material almost of 
the consistency of dark brown _ plasticine. 
The histological changes were those of a 
chronic pyogenic inflammation. 

On November 5, 1947, there was no 
diplopia and the ocular movements were full. 
On radiological examination two months after 
operation the sella was seen to be re-forming 
(Fig. 1b). Six months later the patient had 
remained well. 


There was a history of catarrh, although 
there was no clinical evidence of sinus 
infection. The partial left third nerve 
paresis recovered after drainage of the 
infected sphenoidal sinus, and the eroded 
sella re-formed. 


Case 4.—Maurice W., a man aged 45, was 
admitted to Chase Farm Hospital on Novem- 
ber 14, 1942, from the London Hospital. He 
complained of generalized headache and double vision 
for two months. He had noticed a blood-streaked, 
post-nasal discharge for ten years. He was a treated 
diabetic. 


Fic. 2a (Case 4).—Absorption of bone of sella turcica. 


On examination there was a right external rectus 
paresis ; otherwise the nervous system was normal. 
There was no clinical evidence of nasal sinus infection. 
The blood Wassermann reaction was negative, and 
the cerebrospinal fluid was normal. Radiological 
examination of the skull and sinuses showed dullness 
of the sphenoidal sinuses with erosion of the floor of the 
sella turcica together with the posterior clinoid processes 
suggestive ofa neoplasm of the sphenoidal sinuses (Fig. 2a). 
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On March 31, 1943, the ethmoidal and sphenoidal 
sinuses were explored by D.G.P.; mucous discharge and 
hypertrophied polypoid mucosa were found. On section 
this showed granulation tissue infiltrated with poly- 
morphonuclear and plasma cells. Culture grew 
Coccobacillus fetidus ozene. 


There was an improvement of abduction of the right 
eye three days after operation, and by the twelfth 
post-operative day the diplopia had cleared. Occasional 
diplopia recurred over a year, but during the next 
five years recovery was complete. Radiological exami- 


nation seven months after operation showed re- 
calcification of the sphenoid (Fig. 2b). 





Fic. 2b (Case 4).—Regeneration of sella (seven months later). 


Sphenoiditis with destruction of bone was 
present without nasal symptoms apart from 
some post-nasal catarrh. It must be admitted that 
the diagnosis of the cause of the sixth nerve paresis 
was complicated by the presence of diabetes, but 
permanent recovery appeared to be related to the 
drainage of the infected sphenoidal sinus. 


Discussion 


Chronic sphenoiditis may be present in the 
absence of nasal symptoms, although a past history 
of a period of nasal discharge was usually obtainable 
from these patients. Cessation of discharge was 
probably due to blockage of the ostium of the sinus. 
The increase of tension in the sinus finally produced 
erosion of its bony wall with the development of 
ocular palsies. The palsies might be intermittent 
at first due to changes in tension of the contents of 
the sinus. Hermann and Hall (1944) have des- 
cribed the case of a patient with periodic headache 
associated with a partial third nerve palsy due to 
mucocele of the sphenoidal sinus. 


Relative sparing of the pupillary fibres in these 
patients (Cases 1, 2, and 3) was probably fortuitous. 
Hermann and Hall found ptosis and an inactive 
pupil in their patient. Rollet (1933) and Yaskin 
(1939) also described internal ophthalmoplegia due 
to sphenoiditis. 

Certain clinical features may assist in the differ- 
entiation of ocular palsies due to sphenoiditis from 
those due to supraclinoid aneurysms. The uni- 
lateral frontal pain was aching in character and was 
not intense. The palsy did not develop simul- 
taneously with the pain. There were no symptoms, 

such as stiffness of the neck, suggestive of 
a leaking aneurysm. The third nerve 
palsies were incomplete and other cranial 
nerves, the second (Case 1) and the fourth 
(Case 2) were involved. Jefferson (1947) has 


y stated that it is the completeness of an 


isolated third nerve palsy that is so 
characteristic of an aneurysm of the pos- 
terior communicating artery. 

The symptomatology of carcinoma of 
the naso-pharynx has been studied by 
Godtfredsen (1947) who found that the 
sixth nerve was frequently first affected, 
then the contralateral sixth, and the 
trigeminal nerve. Palsies of the third and 
fourth nerves were infrequent. 

The appearance of an ocular palsy due 
to disseminated sclerosis in a patient with 
sinus infection may be misleading. The 
patients under consideration were old for 
the onset of this disease ; other signs 
of disseminated sclerosis were lacking and 
did not develop during the period of observation. 

Neurosyphilis was excluded by the negative 
serology. ‘ 

Radiological appearances of a pansinusitis may 
clarify the diagnosis ; but if the sphenoidal sinuses 
only are opaque, with erosion of the sella, ex- 
ploration is necessary to determine the nature of 
the lesion. 

The site of the lesion of the third nerve in these 
patients was probably at the medial end of the 
superior orbital fissure, and of the sixth nerve in 
Dorello’s canal, associated with erosion of the 
posterior clinoid processes. 


Ocular Palsies with Inflammation of the Superior 
Orbital Fissure (Six Cases).—These cases corres- 
ponded generally with the syndrome de. la fente 
sphenoidale described by Rollet (1933) and Kretz- 
schmar and Jacot (1939), and orbital periostitis 
(Cairns, 1938 ; Collier, 1922). The patients presented 
with unilateral headache, and double vision due 
to multiple ocular palsies. Proptosis, generally 
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slight, was present in all. Unilateral papilloedema, 
trigeminal nerve involvement, and _ intracranial 
spread of inflammation were seen in a varying 
degree. Nasal symptoms were not prominent, 
but all showed radiological evidence of sinusitis 
at some period of their illness. 


Case 5.—Mrs. L. S. aged 46 years was admitted to the 
Maida Vale Hospital for Nervous Diseases, London, 
on April 9, 1947, from the Moorfields, Westminster and 
Central Eye Hospital (Royal London Ophthalmic 
Hospital). 

Nine weeks previously she had noticed protrusion of 
the right eye and drooping of the lid. She then started 
to have an aching pain on the right side of the forehead. 
Although she had a past history of catarrh there was no 
recent nasal discharge. 

On examination there was no anosmia. The fundi 
and visual fields were normal. The right visual acuity 
was 6/9, left 6/6 uncorrected. The right eye was 
proptosed downwards and forwards. There was partial 
right ptosis,.with weakness of elevation and adduction. 
The pupils were normal. The rest of the nervous system 
was normal. The blood pressure was 220/120 mm., 
and the heart moderately enlarged. 

The sedimentation rate was 11 mm. in one hour, and 
the white count was normal. The blood Wassermann 
reaction was negative, and the cerebrospinal fiuid normal 
in pressure and constituents. 

Radiological examination of the skull showed no 
abnormality of cranium or orbit. Thickened mucosa or 
fluid was present in the right antrum, and fluid in the 
left antrum. 

On April 12, 1947, an oval mass about 2 cm. 
x 0-5 cm. was detected in the posterior part 
of the orbit, which was thought to be inflam- 
matory and related to sinus infection. Some 
improvement followed antral puncture and 
conservative treatment. Subsequently the 
proptosis increased, and cedema of the lids 
appeared. Although the fundus and visual 
field were normal, the right visual acuity 
deteriorated to 6/18. Radiological examina- 
tion now showed a patch of osteitis in the 
roof of the orbit (Fig. 3). The condition 
was considered to be inflammatory by Mr. 
Wylie McKissock. 

A radical frontal sinus operation was 
performed by Mr. Howells in’ July, 1947, 
at Slough Emergency Hospital; chronic 
frontal sinusitis was found with necrosis 
of the anterior wall of the sinus. The patient 
made a Satisfactory recovery. 


Maxillary and frontal sinusitis without 
recent nasal symptoms was diagnosed. 
There was proptosis, partial right third 
nerve palsy, and deterioration of right 
visual acuity due to an _ inflammatory 
lesion in the posterior part of the orbit. 
Recovery took place with drainage of the 
frontal sinus. 


Case 6.—C. C., a boy aged 12, was admitted to the 
London Hospital on August 26, 1946. 

He had complained of headaches for some months. 
Three weeks before admission he became drowsy, and 
vomited several times. It was noticed that his right eye 
was prominent, and he began to see double. 

On examination there was a tender swelling in the 
right temporal fossa extending over the zygoma anterior 
to the pinna. The right side of the face was warm and 
flushed. There was papilloedema of the right optic disc, 
the left disc was normal, and the visual fields were full. 
There was proptosis of the right eye with incomplete 
ptosis, weakness of elevation and adduction, and absence 
of abduction. The rest of the nervous system was 
normal. 

The sedimentation rate was 36 mm. in one hour. 
The white count was normal. The cerebrospinal fluid 
pressure was normal in pressure and contained protein 
50 mg. per 100 c.cm., no pleocytosis; Lange curve 
12322100. Radiological examination of the skull 
showed translucency of the lateral wall of the orbit 
on the right side (Fig. 4a), suggesting infection. 
There was extensive loss of bone in the posterior and 
lateral walls of the orbit and destruction of the floor. 
Both maxillary sinuses showed opacities, suggesting 
thickened mucosa. There was a roughly spherical 
opacity in the upper part of the right antrum adjacent 
to the localized area of erosion in the lower and 
outermost part of the greater wing of the sphenoid 
(Fig. 5a). 

The patient recovered spontaneously during the next 
two months and a year later passed the eye examination 
for a navigation school. Radiological examination 12 
and 17 months later showed progressive regeneration 





Fic, 3 (Case 5).—Patch of osteitis in the posterior part of the 
roof of the right orbit. 








Fic. 4a (Case 6).—Absorption of greater wing of sphenoid 
in right orbit. 


of the orbital wall (Fig. 4b), but the appearances of 
mucosal thickening in the antra persisted (Fig. 5b). 

This patient developed a subacute inflammation 
of the soft tissues and bony wall of the orbit, 
including the outer wall common with the temporal 
fossa, and the lateral extremity of the superior 
orbital fissure. The second, third, and sixth cranial 
nerves were involved, probably at the apex of 
the orbit. Apart from an increase of protein in 
the cerebrospinal fluid, there was no evidence of 
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Fic. 4b (Case 6).—Regeneration of greater wing of 
sphenoid (17 months later). 


intracranial extension. Although there were no 
symptoms of nasal infection, the peculiar radio- 
logical appearance of the right antrum was very 
suggestive of a connexion between the condition 
of the antrum and the osteitis of the orbit. The 
sinusitis may, however, have been contemporaneous 
rather than causative. 

Case 7.—A. L., a man aged 49, was admitted to 
Chase Farm Hospital on March 7, 1946. Three 
months previously he had had a bad cold, with 





Fic. 5a (Case 6).—Patch of osteitis lower and outer part of 
right orbit, with spherical opacity in upper part of right 


antrum. 


Fic. 5b (Case 6).—Recovery of osteitis (12 months 
later). 
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pain in the left forehead and behind the eye, radiating 
over the left side of the head. Two days after the onset 
of pain he began to see double. The nasal discharge 
suddenly ceased but the pain and double vision 
persisted. Chronic catarrh had been present since 
childhood, and four years before he had undergone 
an operation for deflected nasal septum. Radiological 
examination shortly before admission showed a faint 
opacity of the left maxillary sinus. 

On examination there was no anosmia. The fundi and 
pupils were normal. There was slight proptosis of 
the left eye, with partial ptosis, weakness of elevation 
and absent abduction. Appreciation of pinprick was 
impaired over the distribution of the first and 
second divisions of the left trigeminal nerve. There 
was a right lower facial weakness, with increased 
reflexes in the right arm and leg, and the right 
plantar response was equivocal. 

The sedimentation rate was 22 mm. in one hour. 
The cerebrospinal fluid was normal in pressure and 
contained red blood cells. Ventriculography showed 
some increase in the subarachnoid space but no other 
abnormality. The ventricular fluids were also slightly 
bloodstained. 

Radiological examination on March 30, 1946, 
showed the right maxillary antrum to be semi-opaque, 
and an appearance of the right frontal sinus 
suggestive of infection. He had complained of 
extension of pain to the right orbit and eyeball. 

The patient improved spontaneously, but in June, 
1946, he had a recurrence of left-sided pain and 
nasal discharge. There was still slight left-sided proptosis, 
but the ocular movements were full. The reflexes were 
brisk and equal. When the patient was seen 15 months 
later there was no proptosis. 


The onset of symptoms was associated with an 
exacerbation of chronic nasal discharge, which then 
dried up. The left antrum showed radiological 
evidence of infection. There was a partial lesion 
of the left third nerve, involvement of the sensory 
fibres of the trigeminal, and a complete sixth nerve 
palsy. The cause of the contralateral pyramidal 
signs was obscure. The presence of blood in 
cerebrospinal fluid in the lumbar sac and in the 
ventricles may have been due to an insidious intra- 
cranial venous thrombosis. The course of the 
illness was unlike a subarachnoid hemorrhage due 
to aneurysm. The patient was considered to be 
suffering from a low-grade infection of the tissues 
around the left superior orbital fissure, and possibly 
leptomeningitis. 


Case 8.—S. F., a man aged 18, was admitted to Chase 
Farm Hospital from the London Hospital on February 
25, 1942. 

Six weeks earlier he had developed right frontal 
headache, with swelling of the right eyelids, right ptosis 
and double vision. He had a cough, felt shivery, slept 
poorly, and sweated at night. Pyrexia was absent, but 
he had been treated with sulphonamides. Radiological 
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examination on February 11 showed opacity of the right 
maxillary antrum and sphenoidal sinus. 

On examination there was no anosmia. The right 
optic disc was congested ; the right visual acuity was J2, 
the left visual acuity Jl. There was irreducible proptosis 
of the right eye, with partial ptosis, absence of elevation 
and abduction, and impaired depression. The right 
pupil was smaller than the left but reacted normally. 
The rest of the nervous system was normal. The right 
nasal cavity was congested, but no pus was obtained on 
puncture of the right maxillary antrum. Radiological 
examination of the skull showed no abnormality. 

On March 2 the patient developed severe pain and 
relative hypalgesia with diminished corneal response in 
the right trigeminal area. The right pupil became 
sluggish. He had a series of fits of an uncinate type 
with hallucinations of taste and smacking of the lips. 

At repeated examinations, the cerebrospinal fluid was 
normal in pressure and showed an increase of cells from 
30 to 230 per c.mm. (40% polymorphonuclears and 60% 
lymphocytes), protein 40-60 mg. per 100 c.cm. It was 
sterile on culture. A ventriculogram was normal. 

The white blood count increased from 5,000 per c.mm. 
(polymorphonuclears 40%) to 13,800 per c.mm. (poly- 
morphs 68%). On March 6 several more uncinate 
attacks occurred, and on March 7 a right frontal 
craniotomy and decompression was performed by Mr. 
Northfield. In the region of the superior orbital fissure 
the dura mater was grossly indurated, and had a granular 
external surface. Biopsy showed fibrous granulation 
tissue, and the culture grew a small clump of Staphylo- 
coccus albus only. No abscess was found. 

On March 17 the right fundus showed a secondary 
optic atrophy and there was no perception of light. 
There was a complete right external and internal 
ophthalmoplegia. 

On May 30 the patient suddenly developed a spastic 
left hemiplegia associated with pyrexia. Ventriculo- 
graphy showed displacement of the ventricles to the 
left. The craniotomy was reopened but only much 
thickened dura was found in the anterior and middle 
cranial fosse. He became aggressive with highly 
organized delusions and was admitted to Napsbury 
Mental Hospital for five months. 

In the following year he returned to heavy work. He 
had some left-sided fits preceded by an olfactory aura, 
but these were controlled by phenobarbitone. 

In October, 1943, the right visual acuity was percer- 
tion of light only, there was a right secondary optic 
atrophy, the ocular movements were almost full, and the 
left hemiplegia had recovered. During the next five 
months the visual acuity of the left eye deteriorated from 
6/9 to 6/18. On examination there was left anosmia, 
left primary optic atrophy with a paracentral scotoma, 
and an upper left temporal defect. On April 13, 1944, 
the chiasmal region was explored through a left frontal 
craniotomy by Mr. Northfield. Where the left optic 
nerve entered the optic canal dense, fleshy adhesions 
were found, binding down the region of the gyri recti, 
the olfactory tract and the optic nerve to the surface of 
the dura mater. The adhesions round the optic nerve 


were divided and the optic canal was decompressed. 














Fic. 6a (Case 8).—Eroded right optic foramen. 


Radiological examination in March, 1944, showed 
residual destructive changes on the right side, with 
erosion of the lesser wing of the sphenoid (Fig. 7a), 
upper border of the optic foramen (Fig. 6a), and 
enlargement of the superior orbital fissure (Fig. 7a). 

In 1948 the patient was working as a packer. He still 
had olfactory hallucinations but no fits. The left optic 
disc was pale and the left visual acuity was 6/12 corrected. 
There was a right secondary optic atrophy with P.L. 
only. The ocular movements were full without prop- 





Fic. 6c (Case 8).—Left optic foramen (for comparison). 
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Fic. 6b (Case 8).—Contracted right optic foramen (four 
years later). 


tosis. Radiological examination showed some enlarge- 
ment of the right superior orbital fissure but the definition 
of its outer border had improved (Fig. 7b). There was 
no deficiency in the outline of the optic foramina but the 
right (Fig. 6b) was smaller than the left (Fig. 6c). 


Radiological evidence of infection of the right 
maxillary and frontal sinuses was present at the 
onset of the illness, though clinical effects were 
probably masked by sulphonamides. 





Fic. 7a (Case 8).—Destruction of right lesser sphenoidal 
wing, and erosion of superior orbital fissure. 


a 
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The right second, third, fourth, and sixth cranial 
nerves, the fifth to a less extent, and possibly the 
ocular sympathetic were involved in the inflam- 
matory process at the apex of the orbit. Intracranial 
complications consisted of uncinate attacks and 
later mental changes due to the thickened adherent 
dura in the middle and anterior cranial fosse. The 
sudden onset of a contralateral hemiplegia suggested 
a vascular element in the spread of the disease. 





Fic. 7b (Case 8).—Partial regeneration of bone around 
right superior orbital fissure (four years later). 


Extension of the pachymeningitis to the opposite 
side resulted in involvement of the left optic nerve, 
relieved by decompression of the optic canal. The 
eroded bone round the right superior orbital fissure 
and optic foramen re-formed, with contraction of 
the optic foramen. The condition was subacute or 
chronic with extension over two years. 


Case 9.—Mrs. M. T. was admitted to Chase Farm 
Hospital on May 4, 1946. 

Fourteen months earlier her left eye had become 
prominent, and about this time she began to see double. 
She complained of a dull pain in her temple and a 
feeling of ‘‘ something pushing” behind the left eye. 
She had no nasal symptoms. She suffered from 
recurrent polyarthritis affecting the small joints of the 
hands and the knees. Radiographs taken four months 
after the onset of symptoms showed well-marked 
changes of maxillary sinusitis, more on the left side, 
and left ethmoidal sinusitis. 

On examination there was no anosmia. 
and pupils were normal. 
oedematous ; 
and forwards. 
elevation. 


The fundi 
The left upper lid was 
the left eye was proptosed downwards 

There was weakness of abduction and 
The rest of the nervous system was normal. 
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The cerebrospinal fluid was normal in pressure and 
constituents. Radiographs of the skull and an air 
encephalogram showed no abnormality, but on left 
carotid arteriography there was delay in the passage 
of the opaque medium above the carotid syphon. 
Exploration was undertaken to exclude the presence of a 
sphenoidal ridge meningioma. 

On June 5, 1946, a left frontal craniotomy was per- 
formed by Mr. Northfield. No abnormality of the 
brain was found. The dura mater was thickened and 
reddened at the medial part of the sphenoidal ridge, 
and there were some fine adhesions between the dura 
and arachnoid. The day following operation the 
patient had a number of right-sided fits and became 
unrousable with a pyrexia of 101° F. Re-exploration 
revealed some hemorrhagic swelling of the brain. The 
fits continued, and two days later she was still deeply 
unconscious with a right flaccid hemiplegia. On 
recovery of consciousness she was aphasic. 

A month later she had slight dysphasia with increased 
reflexes in the right upper limb. The ocular signs were 
unchanged. Radiological examination now showed 
clearing of the left ethmoidal sinuses. 

Gradual improvement occurred and by November, 
1947, though she complained of diplopia, the left ocular 
movements appzared full. There was slight proptosis. 
The right-sided pyramidal signs had recovered. 


In the absence of clinical evidence of sinus 
infection, the significance of the radiological 
findings was uncertain. There appeared to have 
been sinusitis present shortly after the onset of 
symptoms, which was more marked on the side of 
the affected eye. Oedema of the lids, left proptosis, 
and a partial third and sixth nerve paresis developed 
slowly. Exploration revealed the presence of 
inflammatory changes on the meninges adjacent to 
the left superior orbital fissure. The post-operative 
complication of a sudden right hemiplegia preceded 
by right-sided fits was thought to be due to a left 
venous thrombosis, though the exposed cortical 
veins appeared normal. 


Case 10.—S. H., a man aged 41, was admitted to Chase 
Farm Hospital on October 15, 1942. Fifteen months 
previously he developed pain in the right cheek radiating 
to the forehead and the back of the neck, also drooping 
of the right eyelid and watering of the eye. Radiological 
examination of the sinuses four months after the onset 
of the pain had shown thickening of the mucosa of the 
maxillary antra. For some months he had vomited 
daily, and two weeks before admission he first noticed 
double vision. 

On examination there was no anosmia. The right 
optic disc was pinker than the left. The right pupil 
reacted sluggishly to light and accommodation. There 
was slight proptosis of the right eye with chemosis of the 
conjunctiva, and weakness of adduction. Power was 


diminished in the left upper limb, with exaggeration of 
The blood Wassermann reaction was 
The cerebrospinal 


the tendon jerks. 


negative. fluid was normal in 
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pressure and constituents. Radiological examination of 
the skull and sinuses at this time showed no abnormality 
apart from some absorption of the dental alveoli. 

On November 5 and 9, the patient had a series of 
dental extractions, and after the second operation 
developed an external rectus palsy of the right eye. 

A right carotid arteriogram showed no abnormality. 
Right frontal craniotomy was performed on November 
21 by D.G.P. to exclude the presence of neoplasm in 
the middle cranial fossa. A free exposure of the middle 
and anterior cranial fosse showed no abnormality of the 
brain or adjacent structures except for a definite bulging 
of the lateral wall of the cavernous sinus, suggesting 
localized thickening of the dura. 

By March, 1943, the ocular movements had improved, 
but the right eye was still displaced downwards. The 
patient complained of persistent pain in the right cheek 
and in June, 1943, was readmitted to Chase Farm 
Hospital. 

Examination on June 30 showed papilloedema of the 
right optic disc. The eye was displaced downwards, 
and there was diffuse swelling of the right upper lid 
and of the outer two-thirds of the superior orbital 
margin. The ocular movements were full apart from 
right ptosis. On July 22, 1943, the right gasserian 
ganglion was injected with alcohol. Unusually tough 
resistance was detected on passage of the needle through 
the foramen ovale. There was considerable relief of 
pain. Radiological examination in July, 1944, showed a 
slight haziness of the right maxillary antrum. 

In May, 1945, the vision of the right eye became misty. 
There was slight papilleedema with reduction of visual 
acuity to 6/36. The visual field showed a generalized 
peripheral constriction with a central scotoma to 5/2000 
white. The vision continued to deteriorate in this eye 
and during the next year was reduced to 6/60. The right 
optic disc showed a secondary atrophy. In 1947 the 
patient’s condition was unchanged. 


At the time of onset of the right-sided facial pain 
the patient had radiological evidence of maxillary 
sinusitis which was seen later on the right side only. 
A year later he developed right proptosis and 
papilloedema, a partial right third nerve paresis, a 
sixth nerve palsy, and pyramidal signs in the left 
upper limb. The sixth nerve palsy may have resulted 
from dental extraction. At craniotomy the appear- 
ances were suggestive of thickening of the lateral 
wall of the right cavernous sinus. Right papill- 
oedema proceeded slowly to secondary optic atrophy. 
Persistent pain in the distribution of the right 
trigeminal nerve was relieved by injection of the 
gasserian ganglion. The dura was abnormally 
resistant to the passage of the needle. 


Discussion 


The course of the infection in all these patients 
was subacute or chronic. There appeared to be a 
high resistance to the infecting organisms, and as 
the inflammatory process subsided, complete or 


partial recovery occurred in every patient. Taylor 
(1949) has commented on the high natural resistance 
to intracranial infection developing from the sinuses 
or middle ear. 

Unilateral proptosis, and oedema of the eyelids 
were present for weeks or months with frontal 
headache, pain behind the eye, and double vision. 
Paralysis of the external ocular muscles on the 
affected side, especially of the elevators and abduc- 
tors, developed, sometimes with papilloeedema pro- 
ceeding to optic atrophy, and slight hypalgesia in 
the distribution of the first and second divisions of 
the trigeminal nerve. The condition might recover 
spontaneously (Case 6), or after drainage of the 
nasal sinuses (Case 5). Intracranial extension 
occurred in four patients (Cases 7, 8, 9, 10) with 
severe trigeminal pain in three (Cases 7, 8 10), 
contralateral pyramidal signs, and in one patient 
(Case 8), uncinate attacks. 

The portal of entry of the infection was speculative 
in five patients (Cases 6, 7, 8,9, 10). There were no 
symptoms or signs of acute nasal infection, but the 
onset of double vision in one patient (Case 7) was 
associated with sudden suppression of a chronic 
nasal discharge. Radiological evidence of antral 
infection was difficult to assess when it consisted of 
Opacity without a fluid level. All that can be said 
is that sinusitis had been present in every patient 
at the time of the illness or earlier, and that it 
appeared worse on the affected side. Exacerbation 
of ophthalmoplegia followed dental extraction in 
one patient. 

Pathological evidence of infection as shown by an 
increased sedimentation rate, leucocytosis or changes 
in the cerebrospinal fluid, was infrequently present. 

The inflammatory nature of the lesion was 
detected by radiological examination or at operation 
in four cases. In one patient (Case 7) diagnosis 
depended on relationship of symptoms to nasal 
discharge, the presence of a raised sedimentation 
rate and the spontaneous recovery. In one (Case 
10) diagnosis rested on the findings at operation in 
conjunction with the clinical course of the disease 
observed over several years. 

Radiological changes consisted of erosion of bone 
in the orbital roof (Case 5), destruction of the walls 
of the orbit (Case 6), and of the lesser wing of the 
sphenoid and optic foramen (Case 8). Recovery 
was associated with regeneration of bone, and in 
one case with reduction in size of the optic foramen 
(Case 8). 

Craniotomy was performed on three patients. 
In two (Cases 8, 9) pachymeningitis was found in 
the region of the sphenoidal ridge and middle 
cranial fossa. When the infection was prolonged 


over years (Case 8) extension to the opposite side 
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occurred. Distortion of the wall of the cavernous 
sinus and toughness of the dura mater at the 
foramen ovale suggested the presence of thickening 
of the dura in a third patient (Case 10). 

The diagnosis of a chronic infection in the region 
of the superior orbital fissure is not easy ; air studies, 
arteriography and exploration may be necessary to 
exclude the presence of other lesions. The idio- 
pathic or “‘ rheumatic” form of orbital periostitis 
as described by Collier (1922) was characterized by 
the rapid onset of the ocular palsies, with pain and 
proptosis. Recovery was usually complete in a few 
months and intracranial complications did not occur. 

The production of proptosis and ophthalmo- 
plegia by a non-fistulous carotid aneurysm in the 
anterior part of the cavernous sinus has been dis- 
cussed by Jefferson (1938). Pain was sudden in 
onset. The ophthalmoplegia tended to be complete 
and there was dense anesthesia of the first and 
second division of the trigeminal nerve. Godtfred- 
sen (1947) considered that exophthalmos and 
ophthalmoplegia due to penetration of the orbit 
by a nasopharyngeal growth occurred late and was 
associated with a poor general state. A meningioma 
arising from the medial third of the sphenoidal 
ridge may produce proptosis and ophthalmo- 
plegia, but pressure on the optic nerve usually 
results in primary optic atrophy with a nasal 
hemianopia. Hyperostosis of the sphenoidal ridge 
may be detected on radiological examination. 
Eosinophilic granuloma of bone is a rare lesion 
occurring mainly in children and adolescents. It 
is considered to be related to Hand-Schiiller- 
Christian disease (lipogranulomatosis), ‘* apparently 
represents a peculiar inflammatory reaction to some 
as yet unknown agent of infection” (Jaffe and 
Lichtenstein, 1944), and may recover spontaneously. 
In the calvarium the lesion presents radiologically 
as a translucent “* punched-out”’ area. Hill (1949) 
states that periosteal new bone formation in this 
condition is usually slight and appears to be con- 
fined to the shafts of the long bones. This is in 
contradistinction to the well-marked radiological 
appearances of periosteal new bone formation 
during the stage of recovery in two of our patients 
(Cases 6, 8). Benign giant cell tumour, reviewed by 
McNerney (1949) is another rare lesion which may 
affect the base of the skull ; as with other neoplasms 
this is, untreated, a progressive condition, and the 
radiological appearance is purely that of bone 
destruction, with a clear-cut edge. In unilateral 
exophthalmic ophthalmoplegia and pseudo-tumour 
of the orbit pain is absent. Insidious thrombosis 


of the cavernous sinus is usually associated with 
congestion of the orbital and angular veins and 
signs of extension to the opposite sinus. 
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Whether any degree of sinus or venous thrombosis 
was present in these patients requires consideration. 
The occurrence of multiple cranial nerve palsies in 
the posterior fossa due to inferior petrosal sinus 
thrombophlebitis complicating otitis media has 
been described by Symonds (1944), though in an 
earlier discussion of these cases (1927) extradural 
inflammation was postulated. Extensive post- 
mortem studies recorded by Byers and Hass (1933) 
and Courville and Neilsen (1934, 1935, and 1937) 
supported the hypothesis of a thrombophlebitis. 
The multiple cranial nerve palsies in our patients 
can be accounted for by the presence of local 
inflammation in the superior orbital fissure, some- 
times with osteitis and pachymeningitis. It appears 
that this fissure may act as a channel for the spread 
of inflammation into the cranial cavity. In these 
patients the nasal sinuses provided a possible site 
for the origin of the infection. The development of 
an external rectus palsy after dental extraction in a 
patient with a partial third nerve palsy may have 
been due to an extension of the local inflammatory 
lesion or to a spreading thrombophlebitis from the 
tooth socket. Brain (1947) has described the 
occurrence of ocular palsies with trigeminal involve- 
ment following extraction of a tooth from the upper 
jaw. 

The nature of the lesion causing contralateral 
pyramidal signs in the last four patients was not 
clear. In Case 8 there was evidence at craniotomy 
of the direct spread of infection in continuity to the 
brain, but the sudden onset of hemiplegia suggested 
a vascular lesion. 

In Case 9 the patient developed a hemiplegia with 
fits as a post-operative complication. There was 
some hemorrhagic swelling of the brain but the 
surface vessels appeared normal. In two patients 
(Cases 7 and 10) contralateral pyramidal signs 
were detected on clinical examination. In one 
patient (Case 7) blood was present in the lumbar 
and ventricular cerebrospinal fluids due perhaps 
to the presence of vascular congestion from an 
insidious cerebral venous thrombosis. In all these 
patients the pyramidal signs disappeared over a 
few months. 

Symonds (1937) described the occurrence of focal 
epilepsy, and hemiplegia (with recovery, and 
without brain abscess formation) in cases of otitis 
media, and brought clinical evidence for regarding 
this as due to thrombophlebitis involving the super- 
ficial cerebral veins. The last four cases described 
here may be comparable, though craniotomy in 
three of them failed to provide visible evidence of 
venous thrombosis. 

No definite recommendations can be made on the 
treatment of chronic infections in the region of the 
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superior orbital fissure. Sulphonamides and anti- 
biotics may have an application in the earlier stages 
of the infection. Drainage or any other local 
treatment of the sinuses is indicated only if an active 
infection persists there. Intracranial exploration 
may be necessary for diagnosis, but vascular 
complications may result. Decompression of the 
optic canal and freeing of meningeal adhesions of 
the optic nerve may be necessary to arrest the 
development of optic atrophy and visual failure. 


Summary 


Ten cases of ocular palsy associated with nasal 
sinusitis, which fall into two clinical groups, are 
described. 

The first group is composed of four patients with 
palsies of one or two ocular nerves associated with 
chronic sphenoiditis, and destruction of bone in the 
region of the sella turcica. Recovery and regenera- 
tion of bone followed drainage of the infected 
sinuses. 

The second group consists of six patients with 
ocular palsies and signs of a subacute or chronic 
inflammatory lesion in the region of the superior 
orbital fissure. All showed radiological evidence of 
Sinusitis on the affected side at some time during 
their illness. Destruction of bone in the region of 
the superior orbital fissure with later recovery of 
bone density was demonstrated radiologically in 
three cases. Involvement of the second and fifth 
cranial nerves, meninges and cerebrum might occur 
iri the course of the disease. 

Resistance of the tissues to the invading organisms 
appeared high. No deaths occurred. All the 
patients recovered wholly or in part with subsidence 
of activity over a long follow-up. 

The diagnosis and treatment are discussed. 


Our grateful thanks are due to Mr. D. W. C.° 


Northfield for his helpful advice in the preparation of 
this paper, and for permission to publish the records of 
these patients, all of which with the exception of Case 5, 
were under his care. 

We should also like to express our indebtedness to 
Dr. Russell Brain for permission to record cases admitted 
to Chase Farm Hospital E.M.S. Neurological Unit, 
to Dr. S. P. Meadows for cases seen at the Royal London 
Ophthalmic Hospital, to Mr. Wylie McKissock for 
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NEUROTIC TENDENCIES IN EPILEPSY 
BY 
MARGARET DAVIES EYSENCK* 


From the Neurological Research Unit of the Medical Research Council, 
National Hospital, Queen Square, London 


Many psychiatrists believe that there are special 
personality traits characteristic of the epileptic. 
Various writers have referred to these as mental 
peculiarities, emotional instability, impulsiveness, 
moral anergia, and incapacity for productive occu- 
pation involving initiative and consecutive activity 
(Spratling, 1904), eccentricity, supersensitiveness, 
emotional poverty, and rigidity (Clark, 1914), lack 
of intimate friends, solitariness, lack of gregarious- 
ness, tactlessness (Clark, 1918), moroseness, indif- 
ference, circumstantial and stereotyped manner of 
speaking, and limited content of speech, egocen- 
tricity, irascibility, hypersociability, and religious 
devotion (Fleck, 1934). Many psychologists hold 
the view that a special epileptic syndrome exists, 
and have even, like Humm and Wadsworth in 1934 
and Cattell in 1936, incorporated a special epileptic 
character-scale into their measuring devices. While 
this belief has not gone unchallenged there seems to 
be little objective evidence available with which to 
assess the value of this conception. 

If it were found that epileptics differ from normals 
in various respects the further question arises 
whether this deviation is due to endogenous causes 
or is reactive to the disease process itself. The 
former belief is held by Clark (1918), Clark and 
Cushing (1931), MacRobert (1916), Jelliffe (1935), 
and others. 

This paper presents an experimental investigation 
of a hypothesis which may be formally stated thus : 
‘“* Patients suffering from epileptic seizures tend to 
be emotionally unstable, immature, and neurotic 
persons’. The hypothesis requires that epileptics 
shall be differentiated significantly from normal 
groups on tests known to measure neuroticism. 


Experiment 


Population.—Thirty-eight patients, 20 women and 18 
men, who attend for the treatment of epilepsy at the 
National Hospital, London, were tested in groups of not 
morethan5. Eighteen had grand mal attacks, seven petit 
mal, and 13 had both types of seizures : so far as could 
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be ascertained all were cases of idiopathic epilepsy. 
Their average age at the time of the group testing was 
23-2 years. Twenty-three of them had left school at the 
age of 14, and four had stayed on until 17 ; 22 attended 
elementary schools, eight central schools, four technical 
schools, two public schools, one a private school, and one 
had been at an epileptic colony. On the abstractions 
test of the Shipley-Hartford scale their average mental 
age was 13-8; on the vocabulary test of the same scale 
their verbal mental age was 15-9. These figures are 
within normal limits. Several years before this group 
testing was carried out, 23 of the patients had been 
given individual mental tests : at that time their average 
age was 18-6; their average percentile score on the 
progressive matrices was 24-4; and their verbal mental 
age on the Mill Hill vocabulary test was 17:2. In other 
words, at that time these 23 patients were, on the average, 
mentally slightly below the average of a normal group, 
whose matrices percentile would be 50 and whose verbal 
mental age would equal their chronological age, i.e. 18-6. 

In order to reduce the danger of biased sampling in 
this study, the cases were selected in such a way that any 
bias would have tended to go against rather than in 
favour of the theory, by excluding all patients who were 
mentally defective, incapable of paid employment, or 
particularly irregular in their attendance at the clinic. 


Tests.—Three specific tests were used. 


Word Ccnnexion List (Crown,t 1947).—This consists of 
50 stimulus words presented together with two alternate 
responses for each ; e.g., “Sink : wash drown”’. The 
subject is asked to underline one of the two responses, 
whichever is more connected in his mind with the 
stimulus word. From the choices made by normal and 
by neurotic groups it has been thought possible to label 
one response ‘‘ normal” and the other “* abnormal ”’. 
The score of any subject is the number of abnormal 
responses underlined. 


Maudsley Questionnaire (Eysenck,{ 1947).—This con- 
tains 40 questions, to be answered “‘ yes” or “no”, 
e.g., ‘‘ Do you have dizzy turns ?”” Most of the questions 
deal with largely physical complaints and a few psycho- 
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recent figures obtained on a larger and better selected sample of 
normal subjects than that reported in his book. 
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logical questions are also included. The score is the 
number of “ yes”’ answers underlined. It has been 
found that neurotic groups tend to have a larger number 
of ** yes ’’ responses than a stable group. 

Ranking Rorschach Test (Eysenck, 1947).—Each 
patient is given a set of the 10 Rorschach cards and also 
a list of nine possible responses for each of the ink-blots. 
He is required to write a 1 after the response which 
seems to him most like the ink-blot and also to number 
the remaining eight in order of resemblance to the ink- 
blot. There are considered to be four neurotic and 
five normal responses for each of the 10 ink-blots. The 
summed ranks of the four neurotic responses for each of 
the 10 cards is taken to be the subject’s score. (Absolute 
normal score—300 ; absolute neurotic score—100.) 


All three tests have been shown to differentiate 
very significantly between normal and neurotic 
groups, and they should be sufficiently reliable to 
detect distinct tendencies in the group studied, 
particularly as the three tests differ considerably in 
their make-up, in their obviousness, and in the ease 
with which the tester can be deliberately misled. 
The Maudsley questionnaire lends itself most easily 
to falsification, the word connexion list much less 
so, and the ranking Rorschach test probably least 
of all, as its underlying purpose is very rarely 
understood by the subjects. 

While the groups on whom the norms were 
established were normal in the sense that none of 
the members was actually under psychiatric obser- 
vation at the time, the figures given by Russell 
Fraser (1937) have shown that in any such group a 
proportion of at least 10%, is relatively severely 
disabled by emotional conflict, a fact which will 
attenuate any differences that may be found. 

In the case of the norms used for the Maudsley 
questionnaire, the subjects had been seen by a 
psychiatrist, who divided them into three groups : 
“good”, “doubtful”, and “poor”. For the 
comparison the average and standard deviation of 
the “‘ good” group have been used. Therefore, in 
this test the attenuation mentioned above will not 
be present to the same extent as in the other two 
tests. The average and standard deviation for the 
total group, including “* good ”’, “‘ doubtful”, and 
** poor” are also shown, so that the reader may 
have the full details available. 


Results.—The results were as follows. 


Word Connexion List.—The average score of the 
epileptic group was 10-6, with a standard deviation 
of 5-4 compared with the average for the normal 
group of 7-5, standard deviation 3-9; that is, the 
epileptic subjects gave on the average three more 
‘*abnormal”’ responses than the normal group. 
The probability of such a difference occurring by 
chance is less than 1 in 100 (P<0-01). 
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Maudsley Questionnaire—The average score of 
the epileptic group was 14-2, with a standard 
deviation of 7-7 compared with the average for the 
** good” normal group of 8-3, standard deviation 
60; that is, the epileptic subjects gave on the 
average nearly six more “ yes” responses than the 
*“ good’ normal group. The probability of such a 
difference occurring by chance is less than 1 in 100 
(P<0-01). 

The difference between the epileptics and the 
total normal group, however, falls below the level of 
significance, for with the total normal group, 
including ‘‘ good ’’, doubtful ’’, and “ poor ’’, the 
average is 11-6 and the standard deviation 8-6. 

Ranking Rorschach Test.—The average score of 
the epileptic group was 202, with a standard devi- 
ation of 33 compared with the average for the 
normal group of 231, standard deviation 26. The 
probability of such a difference occurring by chance 
is less than 1 in 100 (P<0-01). The epileptic 
average is slightly more indicative of neuroticism 
than that reported for the neurotic patients at Mill 
Hill Hospital, which was 205 ; standard deviation 26. 

It is apparent, therefore, that all three tests bear 
out the hypothesis at a high level of statistical 
confidence, and that in each case the mean of the 
epileptic group is found to be displaced roughly one 
standard deviation from the mean of the normal 
group towards the neurotic end of the scale, the 
actual values being difference on word connexion 
list 0-796; difference on Maudsley questionnaire 
0-986 ; difference on ranking Rorschach test 1-10c. 
The average difference was 0:96c. This agreement 
between the three tests strongly supports the 
original hypothesis. 

The difference on the Maudsley questionnaire 
using the total group including “‘ good ”’, “ doubtful ’’, 
and “‘ poor” is 0:30c. The Maudsley question- 
naire is the easiest of the three tests to falsify as 
its purpose is quite obvious. It is noteworthy that 
the differentiation between the normals and epilep- 
tics, when the total group of normals is considered, 
is least on the questionnaire, showing that the 
epileptics were trying to make a good impression 
rather than trying to show the investigator with 
how many ills they were afflicted. This finding of 
a direct relationship between discrimination, on the 
one hand, and lack of obviousness of the measuring 
instrument, on the other, suggests that the neurotic 
tendency found is not in any way due to an effort, 
conscious or unconscious, on the part of the patients 
to falsify their responses. In this connexion, the 
intercorrelations of the three tests for the epileptic 
group may be of interest. They are word connexion 
list versus Maudsley questionnaire=0-41 ; word 
connexion list versus ranking Rorschach test= 
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0-13; Maudsley questionnaire versus ranking 
Rorschach test =0-01. 


Discussion 


The results have shown that a group of epileptic 
men and women, selected in the manner explained 
above, is differentiated significantly from various 
normal groups on three tests of neuroticism. The 
possibility exists that epileptics may have some 
other mental disorder which would give results 
differing from normals in the same way as neurotics. 
These tests have not been given to groups with 
organic deterioration or to psychopaths, so it is not 
known whether or not such patients would show 
similar differences in their results. Therefore, it is 
not possible to be dogmatic in equating the 
difference found with neuroticism, but it may be 
accepted as at least a possible explanation. If it be 
so accepted, then it may be of interest to see whether 
the results of this investigation support either of 
the following theories: (a) that epilepsy is more 
likely to occur and develop in a person predisposed 
to neuroticism, or (b) that epilepsy tends to produce 
neurotic concomitants in a previously normal 
person. 

It was thought that evidence might be contained 
in the data relating to the duration of the illness 
compared with the degree of neuroticism. In order 
to get a single measure of neuroticism, the scores in 
the three tests were combined by a rough weighting 
procedure designed to equalize their contributions 
to the total score by equalizing their standard 
deviations. When this total score of neuroticism 
was correlated with the length of time of the illness 
the correlation was found to be completely insig- 
nificant, (r=0-09), showing that length of illness 
was not in any way correlated with degree of 
neuroticism. This finding is incompatible with 
theory (b) and would seem to lend support to the 
belief that the endogenous rather than the reactive 
hypothesis is correct. This view is strengthened in 
some degree by the fact that a slightly higher 
correlation was found between early onset of the 
disorder and high neuroticism score (r=0-25). 
While this correlation is not significant statistically 
it is suggestive, and if duplicated in further work 
would seem to give additional support to the 
hypothesis. 

It is interesting, although not strictly relevant to 
the hypothesis, that the neuroticism score showed a 
slight negative correlation with the two intelligence 
tests used, namely, the abstraction and vocabulary 
parts of the Shipley-Hartford scale. For the 
abstraction test the correlation was —0-31, which is 
significant at the 5% level, while for the vocabulary 


test the correlation was —0-28, which is significant 
at the 6% level. These values are very similar to 
those given for the correlation between intelligence 
and neuroticism by Eysenck (1937). 

A conceptual quotient (C.Q.) was calculated for 
each patient. C.Q. is the ratio of the patient’s 
corrected abstraction-age to that of a “ normal ’”’ 
person receiving his vocabulary score. The answer 
is multipled by 100 to eliminate decimals. It was 
found that the C.Q., which is frequently used as a 
measure of deterioration, was 88 on the average, 
whereas for a normal group the average would be 
100. The C.Q. correlated with the neuroticism 
score to the extent of —0-28, which is significant at 
the 6% level, and might be taken to indicate a 
higher degree of deterioration for the more neurotic 
patients, although in view of the great difficulties 
associated with the interpretation of such quotients 
no great reliance should be placed in this finding. 


Summary 


The experiment described in this paper was 
designed to investigate the hypothesis that patients 
suffering from epileptic seizures tend to be emotion- 
ally unstable, immature, and neurotic persons. 

Three tests known to differentiate neurotic from 
normal groups were given to 38 epileptic patients, 
20 female and 18 male, whose average age was 23 
and who were of roughly average intelligence. 

When test results were compared with those of 
normal groups it was found that on all three tests 
the average score of the epileptic group was roughly 
one standard deviation below that of the normal 
groups. This difference was tentatively equated 
with neuroticism. 

It was shown that there was no correlation 
between length of illness and degree of neuroticism, 
a result which would seem to negative the theory 
that neuroticism in the epileptic is merely a reaction 
to his illness. 

It was also shown that the more neurotic subjects 
tended to have lower abstract intelligence scores, 
lower vocabulary scores, and lower conceptual 
quotients on the Shipley-Hartford scale. (The 
conceptual quotient is often taken to indicate 
intellectual deterioration.) 

The results of the experiment may thus be inter- 
preted as supporting the original hypothesis, and 
it is concluded that epileptics tend to have a stronger 
neurotic predisposition than non-epileptics. 


My thanks are due to Dr. E. A. Carmichael for his 
constant interest and helpfulness, and to Mrs. Whitelaw 
for her assistance. 
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BOOK REVIEWS 


Fisiopatologia de las Convulsiones Epilepticas. By 
S. Obrador Alcalde. Madrid : Editorial Paz Montalvo. 
Pp. 163. Illustrated. Price 45 pesetas. 


To one who looks upon the study of epilepsy as the 
clinical via regia to an understanding of cerebral function, 
this book is especially welcome. Its author is a practis- 
ing neurosurgeon, who has done a wide range of experi- 
mental work on the electrophysiological and biochemical 
aspects of convulsions, and is especially well qualified 
to write on this subject. As its title suggests the book 
deals with the abnormal physiology that forms the 
background to epilepsy. It will not supplant the larger 
works, which deal with this subject more especially in 
its clinical aspects. But it contains so much relevant 
and up-to-date information. that it will undoubtedly be 
valuable as a source of reference to Dr. Obrador’s own 
work, and as an introduction to the work of others. 

After brief introductory chapters on the history of 
epilepsy and the contributions of Hughlings Jackson and 
his school, Dr. Obrador gives an outline of modern views 
on the mechanisms of normal nerve cell behaviour ; for, 
as he says, this knowledge is an essential preliminary to a 
study of abnormal activity. The electrical activity of 
the cortex as shown by electroencephalograms and 
electrocorticograms, and its modification by various 
experimental lesions and in epileptics is next considered. 
In another chapter the clinical manifestations of epilepsy 
are correlated with recent additions to our knowledge of 
cortical physiology, especially the suppressor areas. 
A useful outline of the biochemical changes associated 
with epilepsy is also given, and the various factors are 
discussed which may play a part in the production of 
convulsions in a given instance. In one of the last 
chapters the origin and general significance of epileptic 
attacks is considered, and here it is apparent that although 
neurophysiology has much to say on the possible 
mechanisms for convulsions, the ultimate “‘ why” of 
idiopathic epilepsy is still unanswered. 

Knowledge of cerebral function is advancing so 
rapidly that at present it appears somewhat disjointed. 
Dr. Obrador’s book, with its lucid synthesis of ana- 
tomical, physiological, and biochemical facts, is therefore 
a valuable source of information, and a contribution 
worthy of the Madrid school of neurology. It is to be 
hoped that an English translation will soon be available, 
so that clinicians over here can have ready access to it. 
In that case the opportunity might be taken to add an 
index—a sad lack at present in a book so useful. 


Injuries of the Brain and Spinal Cord. Edited by 
Samuel Brock. 1949. 3rd Edition. Illustrated. Bailliére, 
Tindall, and Cox. London. Pp. 783. Price 76s. 6d. 


The third edition of this book-within 10 years of its 
first publication suggests that it successfully fills a gap in 


the literature of this subject. As the work is a sympos- 
ium it is able to bring together the views of a wide 
selection of people with special experience in the different 
aspects of trauma to the central nervous system. That 
this has been done effectively in the space of some 800 
pages is no small achievement for the editor and his 
28 contributors. During the recent war there was a 
considerable increase in experience and knowledge in this 
field. With few exceptions the authors have made use 
of this. It is something of a tribute to the various 
British neurosurgical units which functioned both at 
home and abroad at that time that frequent reference is 
made to the British Journal of Surgery : War Supplement 
on Head Injuries, which gave a preliminary summary of 
their work. The contributions inevitably vary in value. 
Some subjects, such as injuries to cranial nerves, lend 
themselves to short, clear treatment. Others, such as 
gunshot wounds of the brain and their complications, 
can hardly be adequately encompassed in the space 
available. It may be doubted whether the allotment of 
120 pages to neuroses, psychoses, and malingering is 
not too generous. Nevertheless each of the writers 
has something of value to say, based on personal 
experience. The chapter on concussion and contusion 
of the brain deals admirably with the general aspects of 
closed head injuries, and the discussion in Chapter 7 
on subdural hematomas brings out well their diagnostic 
difficulties. In the spinal section a long chapter is 
devoted to the herniated intervertebral disc. This is 
probably justified by the increasing frequency with which 
this diagnosis is made. The book is likely to remain an 
accepted reference work to this subject. 


A Psychiatrist Looks at Tuberculosis. By Eric 
Wittkower. 1949. London: National Association for 
Prevention of Tuberculosis. Pp. 152. Price 12s. 6d. 


This study represents a great deal of painstaking work : 
Dr. Wittkower interviewed 785 tuberculous patients, and 
each interview lasted at least two hours. In the first 
chapter he. describes the patients’ reaction to their 
symptoms, to their diagnosis, and to the whole illness. 
In the second chapter the factors which determine how 
tuberculous ‘patients behave are further analysed, and 
in chapter three emotional factors are reviewed, chiefly 
in respect of the general characteristics of personality 
which are found typically in patients with pulmonary 
tuberculosis. In a sample of 300 patients seen at 
sanatoria and dispensaries, all but 22 fell into four classes 
denoted as insecure, rebellious, self-drivers and “ self- 
frustraters”’, and ‘* conflict-harassed”’. This sort of 
typology, familiar from Dr. Wittkower’s previous 
studies, is not very satisfying, and must be regarded as 
more a literary than a medical or psychological descrip- 
tion of the personality of his subjects: it reflects the 
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technical defects of the single-interview method of 
exploration. The effect of these features of personality 
on the course of the disease, and the relationship between 
the course and the patient’s reaction to his illness are 
also examined in detail. There are many illustrative 
excerpts from Dr. Wittkower’s data. The book is an 
interesting addition to the literature on the psychological 
aspects of tuberculosis. 


Clinical Psychology : A Casebook of the Neuroses and 
their Treatment. By Charles Berg. 1948. London: 
Allen & Unwin. Pp. 503. Price 25s. 

This psychoanalytical account of the pathology and 
treatment of mental illness differs little from other such 
books, except in its numerous records of what was said 
in interviews between the author and his patients. 
Although the lengthy section on treatment contains two 
chapters on physical methods, these serve only to 
emphasize Dr. Berg’s fervent belief in psychological 
methods, reiterated throughout the book. Only those 
who repudiate scientific modes of thought when dealing 
with mental phenomena will find the argument here 
presented satisfying. 


Hypnotherapy of War Neurosis. By John G. Watkins. 
1949. New York: Ronald Press Co. Illustrated. 
Pp. 384. Price $5.00. 


Books on hypnosis are as numerous as books on war 
neuroses, and as unlikely to contain anything new. 
This work details the familiar characteristics of ‘* military 
neuroses’, the familiar history of ‘* hypnotherapeutic 
techniques ”’, and the varieties of neurotic illness which 
the author (who is not medically qualified) treated at a 
military hospital with the good results also familiar in 
such accounts. The therapeutic successes commonly 
occurred in men who were to be discharged from the 
army and are not in themselves impressive. 


Vom Wesen der Neurose. By E. Speer. 1949. Stuttgart: 
Georg Thieme. Illustrated. Pp. 106. Price D.M. 7.80. 


The first edition of this book appeared ten years ago. 
The author has revised it, but in essentials it remains 
unchanged. He distinguishes sharply between neurotics 
and “* degenerates ’’, evidently mzaning by the latter 
persons with an inherited psychopathic constitution. 
He recognizes that obsessional disorders are a crux for 
his argument ; his effort to resolve the difficulty is not 
very happy. The book is mainly an exposition of 
neurotic disorder from the standpoint of a psycho- 
therapist averse from psychopathological subtleties. 


Principles of Psychiatric Nursing. By Madelene Eliott 
Ingram. 1949. 3rd Edition. Illustrated. Philadelphia 
and London. W. B. Saunders Co., Pp. 525. Price 19s. 


This is a sensibly written handbook for nurses, in 
which attention is rightly focused on a nurse’s function 
and duties rather than on medicine and psychiatry. 
Each chapter is arranged on the same pattern, ending with 
a Summary in headlines and a list of questions. Most 


of the things a nurse should know are covered, and the 
advice given on the handling of the patient is practical 
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and sympathetic. Where different forms of illness are 
described, there is an excessive use of tables and an 
insufficient attempt to convey the clinical essentials in a 
word picture. No nurse, for instance, could come to 
recognize a schizophrenic from the list of common signs 
and the table of characteristics of different types, which 
is practically all that is here provided, nor from the 
single case report in the next chapter. The nursing 
requirements of special methods of treatment, general 
care and special aspects of handling the patient, feeding, 
hygiene, etc., are however dealt with very well. The 
psychiatric nurse will find the book pleasant to read 
and useful for reference; it should find a welcome 
place on hospital shelves. 


BOOKS RECEIVED 


(Review in a later issue is not precluded by notice here of books 
recently received) 


Grundlagen der Schmerzbekampfund durch Sympathi- 
kusausschaltung. By Karl Vosschulte. 1949. Berlin 
and Munich: Urban and Schwarzenberg. Illustrated. 
Pp. 132. Price DM. 9. 


Sexual Deviations. By Louis S. London and Frank S. 
Caprio (with a foreword by Nolan D. C. Lewis). 1950. 
Washington, D.C.: The Linacre Press, Inc. Pp. 702. 
Price $10. 


Introduction to Neuropathology. By Samuel P. Hicks 
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London : McGraw-Hill Publishing Co. Ltd. Illustrated. 
Pp. 494. Price 85s. 
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London: Henry Kimpton. Illustrated. Pp. 552. Price 
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Schwarzenberg. Vol. III. Illustrated. Pp. 415. Price 
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Illustrated. Pp. 268. Price 37s. 6d. 


Freud or Jung. By EdwardGlover. 1950. London: 
George Allen and Unwin, Ltd. Pp. 207. Price 15s. 


A Text-Book of Psychiatry. By Sir David Henderson 
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Press. London : Geoffrey Cumberlege. Pp. 740. Price 
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Electroencephalography. Edited by Denis Hill and 
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INFANTILE HEMIPLEGIA TREATED BY REMOVING ONE 
CEREBRAL HEMISPHERE 


BY 


ROWLAND A. KRYNAUW 


From the Department of Neurosurgery, Johannesburg Hospital, South Africa 


This preliminary communication is concerned 
with what I believe to be a new approach to the 
problem of the infantile hemiplegias. It is as well 
however to point out at the outset that the term 
infantile hemiplegia is employed here in a wide 
sense, and that some of the cases would, in a strict 
attempt at classification, fall clearly into the Little’s 
group. 

The work on which the present report is based 
has been carried out over a period of five years, 
during which time 12 hemispherectomies were 
performed on patients suffering from infantile 
hemiplegia. In no case was the hemiplegic mani- 
festation considered as a prime indication for 
surgery. Convulsive and mental changes were 
regarded as the indications for operation, and, as 
will be seen from a study of the case records, I have 
come to consider mental deviations in the absence 
of epileptic phenomena, and also epileptic mani- 
festations in the absence of definite mental or 
behaviour disturbances, as adequate indications for 
surgery. In this series there was one death, 
Case 6 (J.S.). The age at the time of operation in 
the remaining 11 cases ranged from 8 months in 
Case 12 (M.B.) to 21 years in Case 5 (Miss A..). 

This choice of widely separated age groufis has 
been deliberate, as we wished to gain as much 
knowledge as possible of the physiological, neuro- 
logical, and psychological adjustments at various 
ages after removal of so large a part of the brain. 


Clinical Considerations 


Infantile hemiplegia is a common condition, and 
although the clinical features are well known, it 
might be as well to present a resumé of the symptom 
complex. 


Hemiplegia.—The hemiplegic element usually 
affects the arm, leg, and face, with the arm always 
affected to a greater degree than the leg and face. 
The weakness is usually of a spastic type, and in 
most cases the arm assumes a typical posture of 
adduction at the shoulder and flexion at the elbow 
and wrist. In some instances extensor movements 


are almost impossible. In the lower limb the 
greatest weakness is seen in the dorsiflexors and 
evertors of the foot. Contractures tend to fix the 
limbs in paralytic attitudes. However incapable 
the upper limb may be, most of these patients 
eventually learn to walk, with a greater or lesser 
degree of weakness, spasticity, and deformity. 
Many cases have little contracture, but exhibit an 
ataxic or athetoid awkwardness of the affected 
limbs, resulting in what Wilson described as a 
** gaucherie of volitional act’. Underdevelopment 
of the affected limbs, both in length and bulk, is a 
constant finding. Trophic and vasomotor changes 
have been described, but these have been minimal 
in our experience. The face is little, if at all, 
affected, but a radiograph of the skull invariably 
demonstrates a considerably smaller compartment 
on the side of the affected hemisphere, which is the 
side opposite to that of the general growth im- 
pairment. Choreo-athetoid movements, sometimes 
with the limbs at rest, but usually the accompani- 
ment of volitional endeavour, were a prominent 
feature in all our cases, but here again the upper 
limb seems most severely affected. 


Epilepsy.—Epileptic convulsions occur in the 
majority of cases ; these are often focal and of the 
Jacksonian type, but generalized seizures, psycho- 
motor equivalents, and petit mal, have all been 
observed. Osler stressed that “one of the most 
common and distressing symptoms is the occurrence 
of convulsive seizures”, but he also said that, 
“more distressing still to the relatives is the en- 
feebled mental state which so often follows infantile 
hemiplegia ”’. 


Mental Changes.—In the cases which have come 
under my observation it has been the mental state 
which has impressed me most strongly, and in 
many, it has been the mental state, rather than the 
hemiplegia or epilepsy, which has led the parents to 
seek advice. The mental changes cover a wide 
range from virtual imbecility at the one extreme, to 
the mildest retardation at the other, but this is 
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often associated with an asocial outlook, which 
may well be related to the convulsive episodes. In 
most of these patients an outstanding feature has 
been episodic outbursts of violent “ temper tan- 
trums ” which usually have no adequate cause, are 
short lived, and suggest the possibility of their being 
epileptic equivalents. Some patients attribute their 
outbursts to a compulsive drive which they are 
unable to resist. With regard to the language 
function, young children who have learned to speak 
and then develop infantile hemiplegia may lose 
this function. In other cases, speech may be 
little disturbed. 


Pathological Considerations 


No neurologist would expect to find any single 
pathological event subserving so large and variable 
a grouping of symptoms and concomitant signs. 
The gross pathological state in our series has 
included porencephalic cysts, intracerebral para- 
ventricular cysts, arachnitic watery cysts, microgyral 
formations, and a small sclerosed hemisphere, 
associated with vascular alterations in the 
territories of one or more of the main arteries; 
Each or any of these changes may be found 
either singly or in combination with the others. 
The list is not complete, but serves to indicate the 
wide range of pathological changes encountered. 
I would, however, like to stress that the findings 
represent pathological “‘ end states”, and are not 
to be regarded as progressive lesions. The patho- 
genesis of these established end states is not clear 
in all cases, but the protocols lead us to deduce that 
birth trauma, or later events during infancy, such 
as trauma, infective, embolic, or thrombotic 
episodes, are the chief aetiological factors. 


Air Studies 


The air studies play an important part in deter- 
mining suitability for operation, but a less important 
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Fic. 1.-Basal stump 
after hemispherec- 
tomy. 


part in determining the scope and extent of the 
procedure. Air pictures are presented with the 
individual case records, and it will be seen. that 
apart from tne focal ventricular deformities encoun- 
tered in the porencephalic group, a considerable 
dilatation of the ventricle on the side of the affected 
hemisphere has been encountered in all cases with 
one exception, Case 10 (P.T.). We have come to 
expect gross distortions in the air pictures, and 
provided these remain unilateral the case is regarded 
as suitable for hemispherectomy. 


Operation 


In the past the vast majority of these patients 
have had to rely on anticonvulsants for the manage- 
ment of their epilepsy. Orthopaedic surgeons have 
directed their attention to the correction of defor- 
mities, and re-education by physical methods. 
Neurosurgical endeavour has been largely con- 
cerned with local and limited cerebral operations 
for epilepsy, where the episodes have been focal. 
Local excisions and incisions may in some cases 
stop fits, but in my experience they have no bene- 
ficial effect on the mental state, and I have noted 
little change in respect of physical disability. 
Because of this, and because of certain features of 
the electrocorticograms in these cases, I was led on 
to a more radical procedure embodying removal of 
the affected hemisphere, with the exception of the 
thalamus, the caudate nucleus and its tail. With 
regard to the operation, a generous laterai osteo- 
plastic flap affords all the room that is required. 
The hemisphere is divided into four segments by a 
vertical and transverse incision of the superolateral 
surface extending into the ventricle. Each quadrant 
is dissected out, working from within the ventricle. 
The middle cerebral artery is taken just lateral to 
its antero-lateral ganglionic branches, that is, just 
lateral to the anterior perforated substance. The 
choroid plexus is carefully coagulated and removed 
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from the lateral ventricle. The dura is closed 
carefully, and a burrhole made in the centre of the 
bone flap for post-operative aspirations. It will be 
seen that the whole of the cerebral cortex with the 
exception of that portion medial to the tail of the 
caudate nucleus is removed, together with the 
putamen and globus pallidus. Fig. 1 is a photo- 
graph taken at operation to show the basal stump 
after the hemisphere has been removed. 


Post-Operative Residua 


The vast implications arising from such a 
procedure are a source of considerable speculation, 
and will be dealt with more fully in a later com- 
munication. It is perhaps worth noting, however, 
that even when an apparently functioning motor 
cortex, area 4, is present, as determined by 
thyratron stimulation, its removal together with the 
lentiform complex does not result in more than a 
transient increase of weakness of voluntary motor 
power. Some movement has been present in all 
cases the day after operation, and in some cases a 
few hours afterwards. The return to pre-operative 
power is rapid, and is associated later with a 
considerable lessening of the spastic athetosis which 
is such a significant feature in these cases. It is 
further to be noted that this improvement is not 
just transient, and back to the pre-operative level, 
but is a definite progressive improvement, exten- 
ding over a period of many months or years 
Case 1 (A.H.). 

In the sensory sphere there is at first a profound 
loss of all cortical sensory modalities. Compen- 
sation seems to occur soon, and in all cases has been 
so complete within a few months that the changes 
no longer constitute a subjective disability. In no 
case has the so-called thalamic syndrome developed. 
Quantitative and qualitative appreciation of pain 
and tactile stimulation as tested by pin prick and 
cotton wool have returned to normal by comparison 
with the opposite side, and within the limits of 
routine tests. A contralateral homonymous hemia- 


nopia with sparing of the macula has been induced 


in all the cases in which this was not already present 
before operation, and up to the present this has 
remained constant. The disability is, however, one 
of which the patients are quite unaware, except 
while being specifically tested for it, a finding in 
accordance with other experience. In Cases 3, 8, 
and 12, the remarks concerning residual phenomena 
only apply within the limits of our ability to examine 
such young patients. Other factors relating to 
behaviour, mentality, the intellectual sphere, 
voluntary and involuntary movements, spatial 
orientation, tactile discrimination, are all considered 
in individual case records. 


Electro-Encephalographic Changes 


EEG studies in all our cases have shown very 
considerable deviations from normal. In most 
cases it has been a non-specific dysrhythmia not 
confined to the affected hemisphere. In some 
instances a quiet area has been disclosed, which 
at operation later has been found to be the region 
overlying the porencephalic cyst. EEG records 
taken after removal of the affected hemisphere 
have shown the electrical picture rapidly settling 
down to within normal limits. It would appear 
reasonable, therefore, to suppose that the dysrhyth- 
mia encountered in the remaining hemisphere was 
due, in the first instance, to an overflow from the 
grossly abnormal high amplitude components from 
the opposite and pathological hemisphere via the 
interhemisphere communicating pathways. Herein, 
to my mind, is objective support for my contention 
that the entire hemisphere on the side of abnormal 
pathology should be removed. I feel that if any 
part of the hemisphere is retained, it will continue 
to inflict its unruly patterns on the opposite, 
anatomically normal side, with consequent disrup- 
tion of its natural physiological activities, particularly 
those more especially concerned with the highest 
intellectual integration. 

I think that it is even possible that the continued 
bombardment of the unaffected hemisphere by such 
unruly elements is capable of inducing secondary 
epileptogenic foci. Support is given to this 
contention by a study of case records, particularly 
those of Case 3 and Case 9, in which there were 
frequent petit mal episodes before removal of the 
hemisphere. In the past many of our clinical 
deductions regarding localization and function in 
the central nervous system have been based on the 
concept of non-function and negative activity of 
areas of pathology, and due regard has not always 
been given to the fact that these areas may often be 
the site of increased, albeit distorted activity ; in 
other words, zones of dysfunction rather than of non- 
function. At operation electrocorticograms have 
been recorded, and are included later with the 
individual case reports, together with photographs 
of the brain with markers in position indicating the 
regions from which bipolar recordings were made. 
It will be seen that zones far removed from the site 
of macroscopic pathology are often those showing 
the greatest dysrhythmia, and it was this fact which 
first led me to remove the entire hemisphere in these 
cases. 


Case Reports 


Case 1 (Serial No. 1624, A. H., Female).—This child 





was brought to me on January 16, 1945, at the age of 
9 years. There was a story of prolonged, difficult 
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labour. The following is a letter from the child’s 
mother when she made the appointment two months 
earlier. It is such a good presentation of the case, that 
I take the liberty of setting it down in place of my own 
routine history. 


** Dear Doctor, 

My little girl aged eight years was injured at birth by 
forceps. The injury was over the left eye, and, I was 
told, would cause no trouble. However, three days 
after she was born, she developed a jaundiced con- 
dition, had a collapse, and became slightly paralysed 
on the right side. She was given calcium and 
recovered, but has grown up with her right side affected. 
At first I considered it only a physical injury. She 
drags the right foot slightly and leaves her right arm 
hanging unnaturally, and her right eye droops. Now, 
however, I realise that her brain too is affected. She 
is liable to go into unreasonable and unmanageable 
tempers, and lacks the power to concentrate, and 
she has had mental lapses and rigors which I am told 
are epileptic. I regret I was not told the birth injury 
was the root of the trouble. I was given the impression 
that it was a physical fault on my part and have had 
no other children.” 


The child had been placed in an institution because 
of the temper tantrums and irritability which made 
discipline impossible. 
In the past 18 months 
she had developed 
mental lapses in which 
there occurred grind- 
ing of the teeth, 
talking complete non- 
sense, uncontrolled 
shouting, and_ the 
uttering of queer 
noises lasting from 
one to two minutes. 
Mentally she was slow 
and backward, and 
had not learned to 
write or read. 

On examination, 
the cranial nerves did 
not show any devia- 
tions worth recording, 
the optic discs were 
of normal appear- 
ance, and the visual 
fields were full. 
The right arm was shorter and less well developed than 
the left: posture was typically hemiplegic, tone was 
increased, and purposive movements exhibited a gross 
athetoid component. The right lower limb was shorter 
than the left, with slight equinus deformity and tone 
about natural. There was moderate weakness of distal 
muscle groups, both dorsi and plantar flexors. Gait 
was clumsy. The tendon reflexes were brisker in the 
right upper limb than on the left, but about equal on 
both sides in the lower limbs. Abdominal reflexes 
were all present. No significant loss was encountered 
for any of the sensory modalities. Ventriculography 
was carried out and showed a large porencephalic defect 


Fic. 2 (Case 1. 


A.H.).—Ventriculogram. 


ROWLAND A. KRYNAUW 


situated in the posterior half of the left hemisphere 
(Fig. 2). 


Operation (February 9, 1945, Hemispherectomy).—On 
coming round from the anaesthetic the child was able to 
move the right arm and leg as well as before operation, 
but she now exhibited a right facial weakness. She was 
allowed up on February 21, and was discharged from 
hospital on March 10. It is noteworthy that during 
the post-operative period she was sweet tempered and 
cooperative: “altogether a different child”. Her 
mother had taught her the alphabet, and within three 
weeks of operation she was reading and understanding 
simple sentences such as ‘* The cat sits on the mat”’. 
She was also making progress with her first steps in 
writing, e.g. making pot hooks, and printing, with the 
left hand. The most important feature was that she 
exhibited a desire to apply herself to these matters. 
I last saw the child on January 13, 1949, and the following 
is an extract from my follow-up note :— 


Follow-up Note.—This child is now 13 years of age. 
She is rather stout. Her mother tells me that her 


periods started about one year ago and these are quite 
regular. With regard to the mental state, she has been 
at school for about two years, and is in Standard 3, 





Antero-posterior and 
(Negative touched up.) 


right lateral. 


that is, she is in a class with children about 10 years 
of age. She is good at some subjects, particularly 
history ; arithmetic is weak, but reading and writing she 
seems to have mastered all right, although she is not 
reading for her own pleasure. 

With regard to her conduct, her mother tells me that 
her association with other children is entirely normal ; 
she is at a boarding school for normal children and 
likes it. Owing to some clumsiness of the right arm 
she is not partaking in general sport, but she is good at 
swimming. With regard to memory, she has a good 
retention of poetry. There has been no evidence of 
further attacks, or any of the emotional outbursts 
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which were the main presenting features when I first 
saw her. Her span of attention is good; she is an 
excellent witness, and cooperates well throughout the 
examination. In attitude she is a little shy and reserved 
during the first few minutes of the consultation, but 
soon settles down to a normal approach. General 
health has been good. The mother has become aware 
of the right homonymous field defect, and tells me 
there is sometimes a drooping of the right eyelid. 
Extreme ocular movements are not quite perfect. Her 
walking is now nearly normal, and any disability that 
there is is not due to spasticity, or an athetoid element, 
but due to a relative slight shortening (about } in.) of 
the right leg, with a slight shortening of the tendo 
achillis and some degree of pes equinus. 

Neurological examination reveals a right homonymous 
hemianopia with macula sparing, and the fundi are 
somewhat pale. The corneal reflex on the right is not 
so brisk as the left, but pin prick and cotton wool are 
normally appreciated in the trigeminal field on both 
sides. There is no facial weakness. The tongue protrudes 
normally. Her speech isa little slurred ; this has always 
been so, and her mother tells me that in the home circle 
this entirely disappears. 

There is a slight relative shortening of the right upper 
limb compared with the left, but this is less noticeable 
than it was originally, and the muscle bulk is good. 
There is still weakness of extension of the wrist ; flexion 
is good and equal on both sides. Tone is perhaps slightly 
increased in the flexor muscles of the wrist. Reflexes 
of the right arm are only slightly increased as compared 
with the left. She is not using the right arm too well, 
as, for instance, when she is dressing herself, tying her 
shoelaces, fastening a buckle. Posture is equally 
maintained on both sides. In the finger-nose-finger 
test there is now only a small residue of the gross 
spastic athetoid element which was there before opera- 
tion. 

In the lower limb power is good and equal in all 
muscle groups, except for some resistance of dorsi- 
flexion of the right foot as a result of a slight contracture 
of the achilles tendon as noted above. Purposive 
movements in the lower limbs are very accurately carried 
out, and the “ heel-knee-shin’’ test was faultless on 
both sides. The muscle bulk is good and equal, and 
although there is shortening, this is now relatively less 
than it was four years ago. In the lower limbs the 
reflexes are about equal, and somewhat brisk on both 
sides. The right plantar is still extensor, and on the 
right, the abdominal reflexes, although present, are slightly 
less brisk than on the left. 

Pin prick and cotton wool are equally well appreciated 
over all areas of the body, although on the first testing 
she thought it was perhaps a little sharper on the left 
than on the right, but later was quite certain that this 
was not so. Joint sense was carefully tested in the 
fingers of both hands, and at the wrists. She made 
several mistakes, about three out of ten in the right 
index finger and more mistakes for the little finger, on 
the right side, whereas the left was absolutely accurate. 
Wrist movements through a small range were equally 
appreciated on both sides; two point discrimination, 


thenar eminence, 1-2 cm., occasional mistake right side, 
accurate on the left. With eyes closed she had difficulty 
in finding the right forefinger with her left hand, but was 
very accurate in finding the left forefinger with the right 


hand. Localization of pain and touch was accurate on 
both sides. 


Case Comment.—A year has passed since this 
note was made, and I[ have not had the 
opportunity of seeing the child again. Her mother 
tells me that she continues to make satisfactory 
progress in all spheres, and that she still remains 
free from any fits, five years after operation. It is 
to be noted that she has not received anticonvulsant 
sedation since operation. 


Case 2 (Serial No. 2832. C.M., Female).—The patient 
was born at full term and instruments were used. 
According to the father the child was perfectly normal 
and healthy until the age of 2 years, when she suddenly 
had a convulsive episode which resulted in paralysis 
of the right arm and leg. . After six weeks power started 
to improve, but she was left with a clumsy weakness 
of the right side. Three years later, at the age of 5, 
she started having fits. The father said that the fits 
came on without apparent warning, and that con- 
sciousness was lost, the eyes turned up, and the legs 
were twitching. Since the age of 5 years she has been 
having fits almost nightly, and as many as 12 during a 
24-hour period. Uncontrollable emotional outbursts 
and destructive tantrums were frequent events. 

On questioning the child said that she usually knew 
when an attack was coming on. She would have a 
feeling of fear and depression, and she would then 
feel her right arm beginning to pull upwards. 
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Fic. 5 (Case 2. C.M.).—EEG tracings at operat ion. 
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Fic. 3 





Fic. 4 


Fic. 6 (Case 2. C.M.).—Motor cortex 
as determined by stimulation. 


FIG. 6 


Fic. 3 (Case 2. C.M.).—Encephalo- 
gram: antero-posterior and right 
lateral. 


Fic. 4 (Case 2. C.M.).—Cortex ex- 
posed at operation. EEG markers 
in position. 
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The father said that she never used the right arm or 
hand, and that she dragged the right foot and walked 
with a limp. 

The child exhibited a marked and irritating restlessness, 
and it was impossible to hold her attention for more 
than a few seconds. 

There was no disturbance of the language function 
but her vocabulary was very limited. Schooling had 
been attempted with little result. 

The visual fields were full to confrontation tests, and 
the fundi were of normal appearance. There was no 
facial weakness, and no abnormality was detected in 
examination of the other cranial nerves. The right 
arm and hand were found to be much smaller and 
shorter than the left, with the limb adducted, the elbow 
flexed, the wrist dropped, and the fingers extended and 
flaccid, whereas the rest of the limb was rather spastic. 
Purposive movements showed a marked athetoid clumsi- 
ness. Tendon reflexes were all brisker on the right, 
the abdominals were present, and the plantar response 
was of the extensor type on the right side. Pin prick 
and cotton wool were normally appreciated throughout. 
Considerable loss of joint sense in both the hand and 
foot on the right side was present. Air encephalography 
was carried out, and showed a gross dilatation of the 
lateral ventricle on the left side (Fig. 3). 


Operation (June 20, 1947, Hemispherectomy).—The 
convolutions of the promotor and motor areas were 
rather narrow and felt leathery to the advancing brain 
needle. The frontal pole was also of a rather tough 
consistency, but posteriorly in the parietal and occipital 
zones the brain had a more normal feeling, but the 
convolutions were rather wide and flattened, and perhaps 
somewhat pale, quite unlike those anterior to Rolando. 
Bipolar electroencephalographic recordings were taken 
from the positions indicated in the operation photograph 
(Fig. 4) which shows the markers in position. Fig. 5 
shows the EEG recordings taken from these positions. 

Thyratron stimulation was also carried out and the 
motor cortex mapped out as shown in Fig. 6. 

The day after operation it was noted : 

**She is drinking and swallowing well and passing 
urine normally. There is some movement of the right 
arm, which is spastic. The right leg is atonic, but the 
movement is good.” 

On July 10, 1947, there is the following note in the 
records : 

“She is doing occupational therapy in order to 
train her right hand to greater advantage.” By August 8 
her walking was “‘ quite good *’, and she could extend her 
wrist slightly. A letter from C. M.’s father, dated 
February 14, 1949, states. 


é 


satan I am pleased to tell you that she is in perfect 
health. Mentally there is a big improvement. There 
are no signs or symptoms of the fits returning and 
she seems to be more balanced and contented in her 
mind. C is still, however, more childish in her 
outlook than her age would indicate, probably on a 
par with a child of ten, which does not mean to say 
that she is stupid. Her appearance is quite normal 
and bright. Unfortunately her hand and leg are still 


showing no signs of improvement ; they are as before, 


but she is very active and tries to use her hand 
sometimes.” 


Case Comment.—I last heard of this child in 
January 1950, two and a half years after operation. 
Mentally she continues to make marked and 
gratifying improvement. She mixes well with other 
children ; she is tractable and well balanced, and 
exhibits none of her former emotional outbursts. 
There have been no further fits since operation. 
No sedative medication has been given her. 


Case 3 (Serial No. 3331, W. O., Female).—This 
child was first seen on February 10, 1948, aged 3 years. 
She was a premature infant. The mother’s pregnancy 
and confinement were normal. Development appeared 
to be normal up to the age of 10 months, by which 
time the child had started to crawl and to use a few 
words. At this stage she developed a febrile illness in 
which a squint of the right eye and paralysis of the 
right arm and leg were noted. Some power returned 
to the limbs and the child was able to walk in due 
course, but with difficulty, and she did not regain the 
voluntary use of the right upper limb. In February, 
1947, one year before examination, right-sided epilepti- 
form seizures developed. These occurred daily without 
loss of consciousness. The child’s speech did not 
develop normally ; and at examination her vocabulary 
was limited to three words, *“‘Mama’”’, “ Baba”’, 
“Ta-ta”’. The child was obviously grossly mentally 
retarded. She cried a great deal and became very noisy 
for no apparent reason. The fontanelles were closed and 
the head of average size. There was a suggestion of a 
visual field defect but this could not be checked. There 
was a mild bilateral ptosis. Otherwise, as far as 
examination was possible, no anomaly could be detected 
in the cranial nerves. There was a spastic paralysis of 
the right upper limb, the growth of which was markedly 
retarded. The growth of the right lower limb was 
retarded and there was less spontaneous movement 
than in its fellow. There was a right pes equinus 
deformity. The tendon jerks were increased on the right 
side, the right abdominal reflexes were absent, and the 
plantar response was extensor. The gait was grossly 
unsteady and reeling. Air studies were carried out and 
showed a considerable dilatation of the left lateral 
ventricle (Fig. 7). 


Operation (April 19, 1948, Hemispherectomy).— 
Fig. 8 shows the exposed cortex with markers indicating 
points from which bipolar EEG recordings were taken. 
The EEG tracings are reproduced in Fig. 9. 

The entire left hemisphere, with the exception of the 
thalamus, caudate nucleus and its tail was removed. 
It was interesting to note that thyratron stimulation 
produced no movement in this case, so that there was 
no direct evidence of functioning motor cortex. Imme- 
diately on regaining consciousness it was evident that 
the movements in the right leg were not impaired. The 
post-operative course gave no reason for undue anxiety. 
Movements in the right upper and lower limbs dis- 
appeared on the first post-operative day, the limbs on 
the right side becoming spastic. The child was parti- 
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cularly apathetic for te first 11 post-operative days, and 
it may well be that this was the cause of the apparent 
inability to move the right-sided limbs. 

On May 5 movement of the right lower limb returned 
and the child took more interest in her surroundings 
and responded to attention. By May 12 she was playing 
with her toys and was greeting the attendants with a 
cheerful smile. By May 17 the head wound was well 
healed. The child was attempting to express herself 
by making peculiar little noises which were, however, 
quite unintelligible. She was particularly bright and 
happy and taking a lively interest in her surroundings. 
There was some movement of the right upper limb and 
the movements of the right lower limb were maintained. 
Movements were mainly in the proximal parts of the 
limbs, but there were no voluntary movements of the 
hand or foot. 

On May 24 physiotherapy was begun. The child 
was discharged from hospital on June 10. It was thought 
at the time that there had been a considerable improve- 
ment in the mental sphere since operation. She was 
much more responsive, was paying more attention to 
her toys than before operation, seemed to be attempting 
to form words, and the bouts of noisiness and crying 
were no longer present. When she left hospital. on 
June 10 there were still only slight shoulder and thigh 
movements on the right side. The upper limb was still 
more spastic than the lower ; the reflexes remained as 
before operation. There had been no epileptiform 
seizures since operation. 

The child returned on August 14, 1948. We were all 
delighted at the progress shown. She was walking and 
running, although the right lower limb was still spastic 
and showed a fixed equino-cavus deformity. Balance 
appeared to be perfect ; movements of the right upper 
limb were still minimal. The father expressed the 
deepest pleasure at the child’s progress. There had 
been no seizures since operation and the child had 
remained consistently sweet tempered. The vocabulary 
had extended considerably and the child appeared to be 
progressing very rapidly in the mental sphere; she 
could understand commands and carried them out 
properly. 

Case Comment.—The child was seen again in 
November, 1949, and one was struck by her remark- 
able growth and general physical development. 
The spastic disability of the right arm and leg was 
considerable, although she was walking well and 
attempting to use the right hand. Her understanding 
of the spoken word was excellent, and speech was 
surprisingly good; she prattled away in the 
manner one would expect of any child between the 
age of three and four. There have been no further 
fits or suggestive episodes. 


Case 4 (Serial No. 2582, R. v.d. V., Male).—The boy, 
aged 10, was admitted on January 27, 1948. ‘ 

A few days after a normal birth, the infant became very 
ill and weakness of the limbs on the right side was 
noticed. This was accompanied by convulsions. The 
child was speaking at one year, and walking at 17 


months. His mentality subsequently appeared to be 
below average. Petit mal episodes began two 
years before examination, and were increasing in 
frequency. He had also developed episodes, preceded 
by complaints of epigastric pain, in which the eyes became 
set and the right hand was drawn up and remained fixed 
for a second or two. The hemiparesis of the right side 
persisted. , 

On examination, the positive findings included a 
right homonymous hemianopia, external divergent 
Strabismus, a_ right-sided. facial weakness of the 
upper motor neurone type, right spastic weakness of 
the arm associated with athetoid movements, and 
spastic weakness of the right leg. The limbs on the 
right side had lagged behind in growth. There was 
gross impairment of three-dimensional sensation on 
the right side. The child was left handed and showed 
a distinct tendency to “mirror writing’’; for this 
reason he had great difficulty in school. He displayed 
an endless drive to activity which manifested itself in 
the performances of numerous drawings and paintings, 
which showed a good colour sense, a general apprecia- 
tion of form, but a lack of appreciation of the relative 
position of the main objects represented. EEG showed 
generalized non-specific dysrhythmia, and a large area 
overlying the left occipital and parietal regions from 
which there was little or no activity (Fig. 10). 

Air studies revealed a large, left-sided porencephalic 
defect, occupying the posterior half of the left hemisphere 
(Fig. 11). 

Operation (March 22, 1948, Hemispherectomy).— 
EEG records were taken from the exposed cortex 
(Figs. 12 and 13). Stimulation and mapping out of the 
motor cortex was followed by removal of the entire 
hemisphere, with sparing of the caudate nucleus and 
thalamus (Fig. 14). 

The day after operation no movement was detected 
in the right arm, which was spastic. There was some 
slight movement of the right leg. Speaking and swallow- 
ing were not impaired. On March 24 movement had 
returned to the right upper limb. On March 25 move- 
ments in the right upper limb were carried out quite 
well at the pre-operative level, when first asked to do 
so, but the child found it extremely difficult to repeat 
the movement more than once in a short space of time. 
On April 7 the child was carrying on normal conversa- 
tion. The spasticity of the limbs on this date was noted 
as being less than in the immediate post-operative phase. 
On April 14 the child was walking very satisfactorily 
at a level corresponding with the pre-operative state. 
On May 10 he was discharged from hospital. At this 
time he was up and about and played happily with the 
other children in the ward. Attention was now easily 
obtained and well held. Comprehension and orienta- 
tion were unimpaired. Memory appeared to be good 
for both recent and remote events. He appeared to 
have lost his spatial disorientation. He felt that he 


now appreciated the relative position of objects, and, 
when in the subsequent months he was kept under 
observation, it was noted from his drawings that this 
appeared to be so. 
was no longer present. 


The tendency to “* mirror writing ”” 
He was already aware of a 











252 ROWLAND A KRYNAUW 


fa eile Fn En et a nN ae i nal 
wi 


mK 
oN\\ 

















Ve 


pty etl, lh My 








| | SOpv 


I sec 


Fic. 10 





a 
ri 





Fia. 11 





Fic. 10 (Case 4. R.v.d V.).—Pre- 
operative EEG tracings. 


Fic. 11 (Case 4. R.v.d.V.).—Ven- 
triculogram : A.P. and right 
lateral. 


Fic. 12 (Case 4. R.v.d.V.).— 
Exposed cortex at operation. 
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Fic. 14 
Fic. 13 Fic. 13 (Case 4. R.v.d.V.).—EEG tracings at operation. 
Fic. 14 (Case 4. R.v.d.V.).—Motor cortex as determined by 


stimulation. 


Fic. 15 (Case 4. R.v.d.V.).—Post-operative EEG tracings. 
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great change in his own 
mental state and discussed 
his mental outlook as com- 
pared with the pre-opera- 
tive state. He said that his 
right arm and leg were less 
stiff and more easily con- 
trolled than previously. He 
no longer felt restless, but 
would concentrate for any 
length of time on matters 
which interested him, such 
as drawing and painting. 
He admitted that before 
the operation he would 
have uncontrollable urges 
to do naughty things, that 
he could not and did not 
want to learn, and that his 
mind never seemed to 
settle. Now, after the 
operation he no longer felt 
restless, was interested in 
his painting, and wanted 
to improve his art and was 
keen to proceed with his schooling. His parents sup- 
ported all this and said he was no longer just a difficult 
child, but an interested and interesting member of the 
household. 


Case Comment.—lI have seen this boy at regular 
intervals ; he often comes up to the hospital to 
talk to us, and to show us his latest drawings. 
His improvement has been progressive ; he is back 
at school and doing well, and as an artist he is 
showing great promise. There have been no further 


fits or petit mal episodes, spasticity in the limbs is 
lessening, although the shortening and equinus 
deformity of the right leg and foot constitute a 
considerable disability. The athetoid component in 
his purposive movements is now very much less. 
Pin prick and touch are normally appreciated and 





Fic. 17 (Case 5. 


Fic. 16 (Case 5. 


Miss. A.).—Ventriculogram : postero-anterior and right lateral. 
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Miss A.).—Pre-operative EEG tracings. 


localization of these modalities is accurate. Joint 
sense is considerably impaired in the fingers of the 
right hand, but is accurate at the wrist. He has a 
right homonymous hemianopia with macular 
sparing. The right lower facial weakness is still 
more pronounced than it was before the operation. 
Anelectroencephalographic check-up 12 months after 
operation showed the responses to be within normal 
limits (Fig. 15), with no activity on the right side 
from which the hemisphere had been removed. 


Case 5 (Serial No. 3082, Miss A., Female).—This 
young woman was first brought to me on January 16, 
1948, at the age of 21 years. There was a story of 
delivery by Caesarian section, and the infant was born 
with weakness of the right arm and the right leg which 
has persisted. Fits started at the age of 9 years. These 
were of the tonic clonic 
type, starting in the right 
arm with spread to the right 
leg and right side of the 
face, and occurring at in- 
tervals of five to seven days. 
More recently, in addition 
She had developed minor 
episodes during which she 
felt she was “ wearing an 
uncontrollable grin’, and 
during which there seemed 
to be a momentary suspen- 
sion of consciousness. These 
episodes were occurring 
several times each week. 

On examination, the 
mental age was assessed at 
10 years 4 months, and the 
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Fic. 18 (Case 5. Miss °A.).—Left 
hemisphere exposed at operation. 


Fic. 19 (Case 5. Miss A.).—EEG 
tracings at operation. 


Fic. 20 (Case 5. Miss A.).—Motor 
cortex as determined by stimulation. 


Fic. 20 


Fic. 19 
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I.Q. at 70. There was no dis- 
turbance of the language function. 
Visual fields were full. The limbs 
on the right side were shorter 
and less bulky than on_ the 
left, and displayed a_ spastic 
athetotic state with increased 
jerks and extensor plantar res- 






ponse. Joint sense was poor 
in the fingers of the right 
hand. There was also in- 


accuracy of two point dis- 
crimination and impairment of 
vibration on the right side. This 
girl was unhappy, depressed, and 
acutely aware of her disabilities. 
She had no amusements, did 
not read, and was afraid to mix 
with other people. She would not 
go to places of entertainment 
“‘for fear of an attack’’. Her 
personal appearance meant 


nothing to her and she states 
that she had “* nothing to live for’. 
EEG and = air 
and 17. 


The pre-operative 


studies are shown in Figs. 16 








Fic. 22 (Case 5. Miss A.).—Post-operative pictures. 
Left.—Five weeks after operation. 
Right.—Six months after operation. 


Fic. 21 (Case 5. 
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Miss. A.).—Post-operative EEG recordings. 


Operation (August 25, 1948. Hemispherectomy).— 
After the cortex had been exposed by an appropriate 
left lateral flap EEG recordings were taken (Figs. 18 
and 19). 

The motor cortex was mapped out by thyratron 
Stimulation (Fig. 20). This picture also shows the 
thinned out gliosed cortex in the lower two-thirds of 
the line of Rolando. The arrangement of the blood 
vessels is noteworthy, as is the peculiar distribution of 
stimulable motor area. Complete hemispherectomy, as 
defined earlier in the report, was then carried out. 

By the next day Miss A. was speaking normally, and 
movement of the affected limbs had returned to the 
pre-operative level. 

Progress in this case haz: been extremely gratifying, 
and re-examination on February 1, 1949, revealed the 
facts and impressions which were recorded as follows : 

“This girl’s general appearance presented a very 
striking improvement on the pre-operative state. 
Previously, she had looked years older than her age, 
and was particularly dowdy and careless about her dress. 
This morning she was smartly dressed and made-up 
and appeared to have developed an interest in her 
appearance. One also gained the impression that she 
had a certain poise which previously had been totally 
lacking. In conversation she stated that she had much 
more confidence in herself than before the operation. 
Whereas formerly she had tended to avoid company, 
she now sought out her fellow beings, whose company 
she enjoyed and with whom she felt more comfortable 
than previously. She also states that she has developed 
a lively interest in entertainment, such as the cinema, 
and feels that her memory and appreciation of current 
events has much improved. She has taken to reading 
the newspaper and to general reading for the pleasure 
of the occupation alone, and is certain she would now 
be able to learn more easily than formerly. She states 
that in carrying out occupational therapy she is using 
the right hand and arm more freely than before, and is 
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Fic. 23 


Fic. 24 


Fic. 23 (Case 6. Baby S.).—Air studies antero-posterior 
and right lateral. 


Fic. 24 (Case 6. Baby S.).—Exposed cortex at operation. 


Fic. 25 (Case 6. Baby S.).—EEG tracings at operation. 
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enjoying the work given to her. There have been no 
seizures of any kind since the operation. 

‘** Neurologically, she had anosmia on the left side, 
with a_ right-sided homonymous hemianopia_ with 
sparing of the macula. Ocular movements were full 
and without defect, and there was no facial weakness 
to be noted. On the motor side there has been a very 
dramatic alteration in the tone of the right upper 
limb. In fact, once her confidence is gained, there is 
no spasticity to be noted at all, although she still tends 
to carry the limb flexed at the elbow and adducted at 
the shoulder. One gains the impression that tone is 
entirely normal compared with the contralateral 
limb. The fixed deformity at the wrist, resulting mainly 
from former surgical intervention, complicates the 
examination, but there is no evidence of spasticity in 
the muscles acting on this joint. Strangely enough, 
she does not exhibit a spontaneity of volitional move- 
ment one might expect with the general improvement 
in tone. Movements at the wrist, hand, and fingers, 
have shown least return to a normal state. There is 
still accession of flexion at the interphalangeal joints. 





Fic. 26 (Case 7. H.B.).—Photograph 3 months after 


operation. 


There is no forced grasping. Testing of purposive 
movements in the upper limb shows useful control over 
the muscles acting on the proximal large joints. There 
is no gross dysmetria, and no tremor. There is no 
change in the relative size of the limbs on the two sides. 
Gait is no longer awkward. Miss A. volunteers the 
information that she has much greater power in the 
lower limb, and does not experiznce her earlier tendency 
to fall. Tone is still somewhat increased in the right 
lower limb which still exhibits slight clonus. Objectively 
tested, power in the lower limbs is good; dorsiflexion 
at the ankle approximates nearly to that on the normal 
side. 

‘*In the sensory sphere, there is a lack of ability to 
localize pin prick in both the affected limbs. It is 
interesting to note, that whereas she tends to localize 
pin prick more distally than its actual position, she 
tends to localize touch with cotton wool more proximally. 
Vibration sense is still grossly impaired in both affected 
limbs. Spatial orientation of the affected limb is still 
poor. She has great difficulty in placing the normal 
limb in a position comparable with that of the affected 
limb. The tendon jerks are present and equal in the 
upper limbs, but in the lower limbs they are brisker 
on the right side than on the left. It was impossible to 
study the plantar reflex in this case by the usual method 
because of the extreme ticklishness of the patient. It 
was interesting to note that the Rossolimo, Mendel- 
Bechterew, and Hoffmann signs appeared to be negative, 
but the Oppenheim gave an upgoing toe on the right 
side.” 

EEG studies six months after operation showed 
responses to be within normal limits in the remaining 
hemisphere, with no activity on the hemispherectomized 
side (Fig. 21). 

Miss A. recently sent me a snap of herself, taken 
six months after the operation, and this is reproduced 
in Fig. 22 with a picture taken at the time of the 
operation. 


Case Comment.—The last news I had concerning 
this patient was in September, 1949, when her 
uncle, an eminent physician of Capetown, told us 
at a meeting of the Medical Congress that the 
results in this case were “‘ nothing short of miracu- 
lous’. There had been no further fits or minor 
episodes. Her disposition had become happy and 
congenial, and above all she was able to hold down 
a job in an office. 


Case 6 (Serial No. 3565, J. S., Male).—This child, 
aged 2 years 3 months, was first seen by me on May 15, 
1948. The confinement had been a short one, and 
there was no evidence of birth injury. On the thirteenth 
day after birth the parents noticed that there was some- 
thing wrong with the left hand, and at one month 
they noticed that the left leg was stiff, held straight, 
and that the child would not kick with it. Fits started 
about the sixth month and have persisted, occurring 
some six to eight times a day. The parents were not 
able to give us any information of localizing value 
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Fic. 27 (Case 7. H.B.).—Ventriculogram. 


concerning these convulsions. The child had not 
attempted to sit up, crawl, or talk. 

On examination, the fortanelles were found to be 
closed ; there was a suggestion of a left visual field 
defect to menace. The left limbs were shorter than the 
right and the left arm 
tended to be spastic, 
the limb held in flexion 
with the fingers closed. 
Power and movement 
in the left leg was noted 
to be deficient, but 
relatively better than 
in the left arm. The 
left plantar response 
was strongly extensor, 
but on the right side 
the response was doubt- 
ful. The child made 
no attempt to sit up 
or crawl. 

In September, 1948, 
the child was admitted, 
and during the pre- 
operative period in 
hospital, which lasted 
some six weeks, he lay in 
bed screaming most of 


Cc 


Fic. 28 (Case 7. 
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the day, and throwing the right arm and leg around in a 
repetitive circular type of movement, which would go on 
for hours onend. There were feeble attempts at moving 
the left arm. Ventriculography was carried out and 
revealed a considerable dilatation of the right ventricle 
(Fig. 23). 


Operation (October 22, 1948. Hemispherectomy).— 
Considerable malformation, in the nature of a poren- 
cephaly with an adjacent paraventricular cyst, was 
found in the right hemisphere. The thinned-out brain 
substance will be seen underlying the EEG markers 
Nos. 7, 8, and 9 in the operation photograph (Fig. 24). 
Fig. 25 shows the EEG tracings recorded from the 
marker positions indicated in the previous figure. The 
flat records from the positions 7, 8, and 9 overlying the 
cystic malformations are interesting, but do not need 
explanation. 

Routine hemispherectomy was carried out. The 
child’s condition gave no cause for alarm during oper- 
ation. On returning to the ward he became very 
restless, and then suddenly collapsed and died. 


Case 7 (Serial No. 3615. H.B., Male).—This child, 
aged 9 years 5 months, was admitted to the neuro- 
surgical department of the Johannesburg Hospital on 
February 7, 1949. His mother was distressei because 
the right arm and leg were weak and spastic, and because 
he was “very backward mentally”. He was the 
survivor of twins delivered by Caesarian section. He 
had never used the right limbs as well as the left, and as 
he grew older the shortening and clumsiness of the right 
arm and leg became more obvious. No fits or minor 
episodes occurred at any time, but during the past three 
to four years he had been having increasingly frequent 
bouts of violent tempers. These would last from a few 
minutes up to half an hour, and during these bouts he 
would salivate profusely, scream, kick, and attack 
any one near him. Mentally he was very retarded, and 
in this respect he was becoming progressively worse. 
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H.B.).—Pre-operative EEG tracings 
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Fic. 30 (Case 7. H.B.).— 
Electrocorticograms. 
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Fic. 29 (Case 7. H.B.).—Cortex ex- 
posed at operation. 
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Two years previously he could do simple additions, but 
had lost this facility, and his ability to read had also 
deteriorated. He had become restless, and his span of 
attention was poor. Of particular interest here was the 
fact that two and a half years before admission to 
hospital he was considered a fairly bright child, but now 
he appeared to have forgotten all that he had previously 
learnt. Apart from a limited vocabulary there was no 
disturbance of language function, and he was left-handed. 

On examination, the cranial nerves showed no abnor- 
malities worth noting, and the visual fields were full to 
confrontation tests. He had a right spastic hemiplegia 
with contracture deformities, and shortening of the 
affected limb. These points are well brought out in 
the accompanying photographs (Fig. 26). 

On the sensory side pin prick, cotton wool, and 
vibration were normally appreciated throughout. His 
postural sensibility was somewhat diminished in the 
fingers of the right hand. Tendon jerks were all brisker 
on the right, the right abdominal reflexes were absent, 
and the right plantar was of the extensor type. 

Ventriculography showed considerable dilatation of 
the body of the left ventricle, but the left temporal horn 
did not fill. Some dilatation of the right ventricle was 
also noted (Fig. 27). 

EEG records were taken and are shown in Fig. 28. 


Operation (March 14, 1949. Hemispherectomy).— 
At operation the left hemisphere was exposed, and a 
large circular surfacing ‘‘ watery cyst”, 4 cm. in dia- 
meter, was encountered in the lower Rolandic line, and 
extending into the temporal lobe and down to the wall 
of the ventricle. The cyst can be clearly seen in the 
photograph (Fig. 29) underlying the marker No. 2. 

Electrocorticograms were then recorded and are 
reproduced in Fig. 30. 

Thyratron stimulation of the cortex was then carried 
out, but no responses were obtained. The reason for 
this became clear later in the operation when the region 
cf the internal capsule was found to be replaced by a 
multilocular cystic formation, surrounded by leathery 
gliosis. I would like to draw attention to the fact that 
this patient had never had convulsive episodes, manifest 
in the motor somatic sphere, but that he had had 
numerous emotional outbursts which might be regarded 
as epileptic equivalents. 

Case Comment.—During the past nine months 
this boy has made satisfactory progress, apart 
from the fact that the function of the right arm 
and leg is of the same order as before the operation. 
There have been no further emotional outbursts. 
He has become a quiet and thoughtful boy and 
applies himself diligently to tasks and amusements. 


Case 8 (Serial No. 3859. R.P., Female).—This 
child, aged 2 years 9 months, was admitted to the 
Johannesburg Hospital in February, 1949. She had 
been perfectly healthy until the age of 10 months, was 
crawling well, and could say “‘ Mama’”’, “‘ Dada”. At 
this time she was suddenly taken ill with convulsions 
and acute otitis media. Penicillin was given and a 
paracentesis performed. About 36 hours after this 


the right arm and leg were found to be paralysed. After 
some months power on the right side gradually returned, 
but the limbs remained very weak and spastic. Some 
months after the illness she started having convulsive 
episodes, starting on the right side, and these increased in 
frequency, and, at the time of admission, she was having 
several episodes each day despite sedation. She had 

een seen by the late Dr. George Riddoch, who diagnosed 
a venous thrombosis and offered a very poor prognosis. 

On examination, she was found to be extremely 
restless, and responded to attempts at examination by 
violent outbursts of screaming, kicking, and fighting. 
Her speech had shown but little development during 
the two years since her illness, and although the parents 
had worked very hard at this aspect of her education 
she could only use some five or six simple isolated words. 
She was starting to walk, but clumsily, and with assistance, 
Detailed examination of the cranial nerves was impos- 
sible, but she did appear to have a field defect on the 
right side, and there was some right lower facial weak- 
ness. The right arm and leg were less well developed 
than on the left ; they were spastic and the movements of 
the right side were extremely clumsy. Ventriculozraphy 
revealed a gross generalized dilatation of the left lateral 
ventricle (Fig. 31). 


Operation (March 18, 1949. Hemisph-rectomy).~— 
The left hemisphere was exposed. No gross focal 
pathology was seen, but the whole hemisphere app2zared 
somewhat shrunken and the gyrismall. Needling of the 
hemisphere revealed a general toughness of the whole 
structures (Fig. 32). 

Electrocorticograms were recorded and the tracing is 
reproduced in Fig. 33. 

The cortex was stimulated with a view to mapping 
out the motor cortex, but no responses were obtained. 

The post-operative course was uneventful and within 
a few days the movements of the right arm and leg had 
returned the pre-operative level. Of particular 
interest was the fact that when I visited her the day 
after operation and asked her where her mummy was, 
she responded by saying, “‘ Mummy outside”. From 
that time on she started learning new words rapidly, 
and also started putting them together to construct 
sentences. 


Case Comment.—The child was discharged from 
hospital a month after operation, and I have not 
seen her since, but a letter from her mother seven 
months after operation gives the following informa- 
tion : 

“ First let me say that her mental improvement is 
remarkable. She has a normal vocabulary for a child 
of her age, if indezed it dozs not exceed normal, and 
her pronunciation is perfect. She has an extremely 
sharp perception of all that gozs on around her. 
She runs about a lot, the movement of her leg having 
greatly improved. She takes much more notice of 
her right hand, and it is gaining strength and usefulness 
from the many movements she attempts throughout 
the day.” 


Case 9 (Serial No. 4158, D.S., Female).—This girl, 
aged 15 years, was admitted to hospital on May 22, 
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Fic. 32 (Case 8. R.P.).— 
Cortex exposed at operation. 
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1949. There was a story of difficult birth, but mental 
and physical development were regarded as being 
entirely normal up to the age of 4$ years. At 4} years 
of age she became very ill, and was admitted to the 
Childrens’ Hospital with a diagnosis of encephalitis. 
She remained in hospital for six months, and during 
this time weakness and clumsiness of the right hand 
were first noticed. Soon after leaving hospital she 
started having ‘* blank spells ’’ which were diagnosed as 
petit mal by a senior paediatric consultant. The nature 
of the episodes changed during the next year or two. 
They were still of a relatively minor character, but the 
head and eyes would turn to the left and both arms 
would be drawn up and out to the right. During the 18 
months before she was admitted under my care she 
developed in addition to these attacks, generalized 
convulsive episodes. In all she was having three to 
seven major and minor episodes each day, despite 
determined sedative measures. This child had a quiet, 
placid temperament, and was not prone to emotional 
upsets. Her school record had been quite good and 
above average for her age. Of late she had become less 
interested in things and people, but not more so than 
one would expect in a child who was having numerous 
fits, combined with a generous presentation of sedative 
drugs. 

On examination she was seen to be a well-built girl 
tending to adiposity. The menarche was at 13 years, 
and her periods were regular. She was a good witness 
and showed good insight. With regard to the cranial 
nerves she was found to have generalized constriction 
for all isoptres in the right homonomous field, and a 
very slight right lower facial weakness for emotional 
movements. 

The right arm was less well developed than the left 
and movements, especially distally, were weak and 
spastic, while purposive movements showed an athetoid 
clumsiness. There was little fault to be found with the 
right lower limb except that the tendon jerks were 
comparatively slightly increased and the right plantar 
response was regarded as equivocal. 

The examination of sensory functions revealed a 
normal appreciation and localization of pin prick and 
light touch, but slight loss of all the cortical sensory 
modalities. Electroencephalography revealed a _per- 
sistent slow wave focus from the left frontal region with 
suggestion of wave and spike patterns (Fig. 34). 

Air encephalography showed the left ventricle to be 
dilated, but mainly in its posterior half and temporal 
horn. 


Operation (June 15, 1949. Hemispherectomy).—The 
cortex was exposed in the usual manner, and in general 
appearance seemed quite normal (Fig. 35). 

Electrocorticograms were recorded and are shown 
in Fig. 36. 

In view of these, and because of the ventricular 
distortion, hemispherectomy was carried out. Three 
days later, because of haemorrhage into the cavity, the 
flap had to be re-elevated and the clot dealt with. 
Thereafter her post-operative course was uneventful, 
except that movements of the right arm and leg were 
slow in returning. This raises what I consider to be an 


important point regarding the function of the caudate 
nucleus, to which reference will be made later. 


Case Comment.—It is now seven months since 
this patient was operated on. She is bright and 
cheerful and mentally alert, and looking forward 
to returning to school in a few weeks’ time. Move- 
ments of the right side are improving satisfactorily 
but are not yet up to the pre-operation level. This 
applies particularly to the right lower limb. There 
have not been any fits or suggestive episodes since 
operation. 


Case 10 (Serial No. 2453, P.T., Male).—This boy, 
aged 14 years, was referred to the Neurosurgical Depart- 
ment on April 11, 1948. He is an only child. Birth 
was difficult and instruments were used. When he was 
6 months of age the parents first noticed that the left 
arm and leg were weak. Mentally his development was 
satisfactory, but walking was delayed until he was over 
2 years of age. The left arm seemed to become pro- 
gressively more clumsy, and lagged behind in general 
development and growth. At about 2} years of age he 
started having “‘ funny turns’, in which he went very 
pale and giddy. At 8 years of age he was operated on 
by an orthopaedic surgeon for the contracture deformity 
of the left foot. By this time he was having frequent 
episodes in which he complained of *‘ funny little shocks ”’ 
in the left hand which were associated with a drawing up 
of the left hand and arm, but without | ss of conscious- 
ness. The left arm became gradually more spastic, 
deformed and useless. More recently he had become 
aggressive and bad tempered, and terrified of impending 
attacks. Sedative medication failed to control the 
episodes. 

On examination the cranial nerves showed no devia- 
tions worth recording. The left arm and leg were not so 
well developed as the right, being both shorter and 
thinner. The left arm was flexed and adducted, the 
grip on the left was poor, and he was unable to extend 
the wrist or fingers. The tendon jerks on the left side 
were all increased by comparison with the right, and the 
plantar response was of the extensor type. In the 
sensory sphere he showed defective postural sensibility, 
and impaired two point discrimination. Pin prick and 
cotton wool were normally appreciated, but localization 
of these modalities was not accurate in the left upper 
limb. Ventriculography was carried out. The brain 
felt leathery to the advancing brain needle, and te air 
pictures showed slight dilatation in the region of the 
vestibule of the right ventricle. Electroencephalography 
revealed a generalized dysrhythmia with a focus of high 
amplitude three to four per second discharge from the 
right temporo-parietal zone. 


First Operation (May 14, 1948).—A right lateral 
osteoplastic flap was turned and revealed a zone of 
microgyral formation occusying a considerable part of 
the right parietal lobe and extending forwards to the 
Rolandic fissure. The motor cortex was mapped out by 
stimulation. Block excision to a depth of 3 cm. of the 


parietal lobe, to include the microgyral formations and 
extending forward to include the motor arm area, was 
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carried out. He was discharged from hospital three 
weeks later. Movement on the left side showed some 
improvement on the pre-operative level. 


Case Comment.—For three months the boy was 
perfectly well and then the attacks started again, 
but were somewhat modified. There was no 
sensory component, but the head and eyes would 
be pulled over to the left and he would then have 
clonic twitching in the left arm. The left leg was 
not involved. These attacks were of particular 
interest to us because the motor arm area had been 
‘removed at operation. He was re-admitted in 
October, 1949, because of the attacks being as 
frequent as before operation, and because they 
did not respond to aggressive sedative measures. 
In view of my previous experience with limited 
cortical excisions I decided to remove the entire 
hemisphere. 


Second Operation (November 1, 1949 : Hemispherec- 
tomy).—His post-operative course was uneventful and 
he was up and about three weeks after operation, with 
movements quite up to the pre-operative level. After a 
further week he was allowed home. His progress will 
be carefully followed. 


Case 11 (Serial No. 120, E.G., Female).—This child, 
aged 13, was first seen by me in June, 1943, when she 
was 7 years of age. She exhibited a right hemi- 
plegia of the infantile type, was having fits starting in 
the right arm, and also numerous petit mal episodes. 
Mentally she was very retarded and was difficult to 
handle. She was put in an institution where she remained 
for the next six years, until she was admitted to the 
Neurosurgical Department. Her mental age was 
assessed at 5 years. Air encephalography revealed 
some dilatation of the left ventricle (Fig. 37). 

EEG studies were carried out and are shown in Fig. 38. 


Operation (December 14, 1949: Hemispherectomy).— 
The cortex was exposed in the usual manner. There 
was no evidence of microgyral formation or gross 
pathology, apart from the fact that the sub-arachnoid 
space was very wide, and contained large, looping 
arteries, which looked like small pulsating worms, over 
the entire extent of the cortex. No motor responses 
were obtained when the cortex was stimulated. Later 
during the operation the region of the internal capsule 
was found to be the site of a firm leathery gliosis. It 
is now only a few weeks since operation and too early to 
make any comment regarding her progress. 


Case 12 (Serial No. 4557, M.B., Female).—The child, 
aged 7 months, was admitted on December 22, 1949. 
On November 21, 1949, she had fallen from a bed onto 
the floor. One hour later she became unconscious and 
remained so for two days. It was then noticed that the 
right arm and leg were paralysed. On November 29 
the surgeon, to whom the case had been referred, 
trephined the left side of the skull and evacuated a large 
extradural clot through an opening | in. in diameter. 
The paralysis improved remarkably for a couple of 
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weeks. The right arm and leg then became weak again, 
and the region of the trephine opening bulged, and 
finally broke down discharging a serosanguinous fluid in 
a pulsatile manner. I decided to turn a flap and deal 
with any remaining extradural collection, and at the 
same time expose and inspect the cortex. 


Operation (December 28, 1949: Hemispherectomy).— 
The anaesthetic used was 7 c. cm. syrup of chloral, and 
local 1% novocaine. 

A left lateral flap was turned and a large organizing 
tarry extradural blood clot was found and dealt with. 
This clot was found to be overlying the entire hemi- 
sphere posterior to the Rolandic line. On opening the 
dura the posterior half of the hemisphere behind Rolando 
was found to be pale, oedematous, and with convolu- 
tional widening and a generally necrotic appearance. 

eedling revealed a multilocular cystic formation, the 
cystic fluid being of a milky appearance. The cysts 
were not communicating with the ventricle. I started 
by amputating the posterior half of the hemisphere, but 
on encountering a gross generalized dilatation of the 
entire left ventricle, I proceeded to carry out a complete 
hemispherectomy as defined in this report. 


Case Comment.—This baby is making excellent 
post-operative progress. Movements on the right 
side were present immediately after the hemisphere 
was removed, but by the next morning there was 
very little movement and the right arm and leg 
were rather spastic. On the fifth post-operative 
day power in the arm and leg started to return, 
and now two weeks later are regarded as good as 
on the opposite side, although the patient definitely 
favours the left side. She is an extremely bright. 
observant, and happy child. Her subsequent 
progress will be followed with the greatest interest. 


Discussion 


In the foregoing protocols I have tried to confine 
myself to the more positive aspects of each case. 
No mention is made of C.S.F. pressures and 
analysis, Wassermann reactions, or blood counts, 
because no significant changes in these were noted. 
The number of cases reported here is too few, and 
in most cases the interval since operation too short, 
to be dogmatic about results, but one can at least 
say that these are promising. 

Epilepsy, either focal or generalized, was present 
in 10 out of 12 cases, and in all these the epileptic 
manifestations have ceased after operation without 
sedative medication. Disorders of behaviour and 


personality are a marked feature of this group of 
cases, and the profound betterment in respect of 
mentality in all cases exceeds our best expectations. 
It should be pointed out that this improvement in 
the mental sphere, presupposes, and is dependent 
upon, the intezrity of the remaining hemisphere 
and its ability to function normally once it has been 
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released from abnormal influences from the patho- 
logical side. 

Although return of function and power to the 
pre-operative level was predicted and expected in 
these cases, improved tone and function beyond 
this level has been a happy by-product of the 
operation, and is perhaps a Jittle difficult to explain. 
If the caudate nucleus is removed with the hemi- 
sphere there is little or no return of voluntary 
and useful motor activity. This point is well brought 
out by a study of the earlier cases of hemispherec- 
tomy as carried out by Dandy, Gardner, and others 
in cases of brain tumour. What of the lentiform 
complex, putamen, and globus pallidus? The 
results indicate that this should be included in the 
removal, a hypothesis supported by a careful 
consideration of anatomical pathways, and the 
frequency with which we find associated pathology 
in the region of the lentiform complex in these cases 
of infantile hemiplegia. It would appear reasonable 
to assume that the ipsilateral hemisphere has some 
control over the volitional act, but that this contro] 
is via the caudate nucleus of the contralateral side. 

On the sensory side we have found that localiza- 
tion of pin prick returns after a few months with 
only a minimal defect of accuracy. Joint sense 
has also returned with the lapse of time in at least 
two cases. It is accurate at the larger joints, shoulder, 
elbow, hip and knee, and in one case accurate at 
the wrist, and again in one case accurate for gross 
movements of the fingers. Two point discrimination 
with an increased threshold—about three times the 
normal—has been present in two of the cases 
examined. 

With regard to the language function, I suppose 
one might argue that hemisphere dominance had 
adjusted itself before removal of the affected hemi- 


sphere, and that it was the minor hemisphere 
which was removed in all cases. Such an argument 
would be comfortable, and in conformity with 
accepted principles. Nevertheless, careful study of 
some of the cases reported above, particularly 
Case No. 8, makes one wonder whether such an 
easy acceptance of the position is not causing us 
to overlook some of the most interesting and 
important facts which may emerge from this work. 

It is, I think, worth noting that apart from the 
loss of cortical sensory modalities referred to above, 
there has been an entire absence of those changes, 
such as spatial disorientation and disturbance of 
body image, which we have come to associate 
with disturbances of the parietal cortex. 


Summary 


Hemispherectomy has been carried out in 12* 
cases of infantile hemiplegia. There has been one 
death in the series. 

Epilepsy and mental changes, either singly or in 
combination, are regarded as indications for the 
operation. 

Post-operative return of motor power with 
lessening of the spasticity and clumsiness has been 
a feature in these cases. 

Marked improvement in personality, behaviour, 
and mentality has been noted in all cases. 


I should like to take this opportunity of thanking 
Mr. K. Lewer Allen, my first assistant, Dr. I. Siff, my 
anaesthetist, and ali the other members of the medical 
and nursing staff for their unfailing enthusiasm and 
tireless attention to the patients whose welfare forms 
the theme of this communication. 


*Since going to press eight more cases have been operated upon 
and are making satisfactory progress. 
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SOCIETY OF BRITISH NEUROLOGICAL SURGEONS 


SYMPOSIUM ON THE RESULTS OF OPERATIONS 
ON ACOUSTIC NEUROMAS 


At its 38th meeting in Trinity College, Dublin, 
in July, 1948, the Society of British Neurological 
Surgeons held a symposium on acoustic neuromas. 
As it was hoped to present the largest number of 
cases possible, invitations were sent to Dr. Gilbert 
Horrax (Boston) and Professor Herbert Olivecrona 
(Stockholm). The latter was unable to attend 
owing to illness but sent his paper which was read 


for him. Since the figures in these papers added 
to those given in the subsequent discussion make 
up totals which have never before been available 
in the same place, it has been thought desirable to 
make them accessible to a wider public. 

The discussion, in which Professor Sir Geoffrey 
Jefferson, Mr. K. Tutton, and Mr. A. Dickson 
Wright took part, is summarized. 


A COMPARISON OF RESULTS AFTER INTRACAPSULAR ENUCLEATION 
AND TOTAL EXTIRPATION OF ACOUSTIC TUMOURS 
BY 
GILBERT HORRAX* 
From tke Department of Neurosurgery, the Lahey Clinic, Boston, Mass. 


The operative treatment of acoustic tumours, 
has, from the early days of neurosurgery, been a 
subject which has intrigued those who have 
attempted to deal with these growths. They 
present to a surgeon the challenge of a benign 
tumour in a situation from which they must be 
removed with the utmost skill and delicacy in order 
that the patient may not be left with disabling or 
disfiguring sequelae. 

It will be remembered that in the very early 
days of surgery of the nervous system, a symposium 
relating to these tumours was held in connexion 
with the International Neurological Congress in 
1913, and at that time the outlook for patients 
harbouring such lesions was well nigh hopeless. 
The prevailing mortality, even for an extremely 
incomplete operation at the hands of the most 
skilled surgeons, ranged from 58°, (Horsley) to 
83-8°%, (Krause) both as presented by Tooth (1913). 
It was, therefore, a tremendous advance in 
the surgery of acoustic neuromas when Harvey 
Cushing in 1917 published his monograph in which 
he described a method for their intracapsular 
removal. This operation could be performed with 


*With the statistical assistance of Miss E. R. Samsell, R.N., 
W. Wu, M.D., and P. S. Weadon, M.D. Drs. Wu and Weadon are 
Fellows in Neurosurgery, the Lahey Clinic, Boston, Mass 


a relatively low mortality (20°, at that time but 
later reduced to less than 10%), and thus offered 
to patients at the least a good chance of surviving 
the operation, with a further fair chance of a period 
of useful life varying from five to 25 years or more. 

A second significant advance in the treatment of 
acoustic tumours came with Dandy’s description 
in 1922 of an operative procedure for the total 
removal of these growths. Since that date an 
increasing number of neurosurgeons have in large 
measure adopted his technique, and recently a 
further refinement has been introduced, especially 
by Cairns (1931) and Olivecrona (1940), by which 
the facial nerve may often be preserved. 

Since the introduction of the method for the 
total excision of acoustic tumours there has been 
some uncertainty among neurosurgeons as to the 
useful survival of patients in this category compared 
with that of those who had been subjected to a very 
complete intracapsular extirpation. The object 
of this communication, therefore, has been to 
attempt a comparison of the results obtained by 
these two procedures. The series compared are 


those of Cushing representing patients who had 
been operated upon by the intracapsular technique, 
and the series from the Lahey Clinic representing 
patients from whom 
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completely removed by myself and my associate, 
Dr. James L. Poppen (1939). 

Throughout this discussion it must be remembered 
that Cushing’s statistics date from the earliest days 
of neurosurgery when even his technique was not 
as perfect as it later became, and when the modern 
adjuncts of electrosurgery, strong suction, and the 
antibiotics, were unavailable. Furthermore, his 
results as to useful survival must, to a certain 
extent be estimated from the percentages given 
in the follow-up reports by Van Wagenen (1934), 
Cairns (1936), and Davidoff (1940), covering a 
period of three years, and from further less 
extensive data derived from personal knowledge 
and from reports kindly supplied by Dr. Louise 
Eisenhardt. 

First one must define what is considered to be 
useful survival. This is difficult, and there are 
many criteria, as pointed out by Cairns in 1936. 
However, so far as my present purpose is con- 
cerned, I have considered that patients were leading 
useful lives if they had returned to some sort of 
occupation whether it was their previous one or 
otherwise, or in the case of women, if they were 
able to do the major portion of their usual house- 
work. Furthermore, with older patients, if they 
recovered with no serious disability but were 
enjoying life although not returning to work, their 
lives, I think, should be considered as _ useful. 
Patients having marked disabilities, particularly 
ataxia and blindness, even though the blind patients 
might be well in all other ways, have not been 
considered as useful. 


Methods of Comparison.—In attempts to interpret 
the results of various operations, writers have made 
use of two general statistical methods. One of 
these has been to base percentages only upon those 
patients surviving five years or more after opera- 
tion. In our discussion this method would be 
quite unfair, since a very large number of patients 
who have had intracapsular extirpation die during 
the first five post-operative years, whereas the 
mortality for those having total extirpations is 
almost nil. The only true method of interpreta- 
tion, therefore, is to compare the percentages of 
useful survival with the total number of patients 
operated upon, since what we wish to find out is 
in any given number of patients presenting with 
acoustic tumours, how many of that total number 
will be living useful lives five years or more after 
operation. 


Survival Rate for Intracapsular Enucleation.— 
These figures of Harvey Cushing’s series are deter- 
mined from articles by his former pupils, Van 


Wagenen, 1934; Eisenhardt, 1937; Cairns, 1936, 

and Davidoff, 1940. 
Total cases operated upon (C. 1907-1932) 176 
Total cases surviving five yearsormore.. 77 

(99 deaths up to five years = 56:2% for five-year 
mortality.) 

* The useful survival (estimated) of total cases 
was 44, that is, 25% of a total of 176 cases. (These 
figures were obtained from those given by Davidoff 
for the three-year period October, 1924, to October, 
1927.) Even adding 10 to 15%, the percentage of 
useful survival would be less than 50% of total 
cases. If the figure of 44 useful survivors is com- 
pared with the 77 patients who survived five years or 
longer only, the useful survival-rate rises to 57-1%, 
but this is not a fair comparison. 


Survival Rate for Total Tumour Removal (Lahey 
Clinic series, 1934-43).—Patients during the last 
five years have not been included in order to make 
a five-year survival comparison, although the 
mortality from operation up to five years post- 
operatively for total extirpations is only 141% 
against 562% for intracapsular cases for the same 
period. As none of our patients with total extirpa- 
tions has so far died after leaving the hospital 
for a period up to five years, the figure of 14°1% 
represents therefore the operative as well as the 
five-year mortality rate. 

Total cases operated upon 
(1934-1943) .. ‘ - 
Total heard from .. — . 
Useful survival 34 (61-8% of 55) 

The useful survival rate of 61:8% of patients 
having had a total removal contrasts with the 25% 
useful survival rate in the intracapsular series. 

If one compares the figure of 34 useful survivors 
of total extirpations only with the number of 
patients surviving five years or more, namely 44, 
the useful survival rate by this method rises to 
77:2% as compared to 57:1% for intracapsular 
extirpations, but again it must be remembered 
that this is not the correct or fair method of 
comparison. 


Operative Technique.—Little need be said on 
this score as our procedure was described in 1939. 
However, there have been since that date a few 
minor modifications. 

We now make a relatively small skin incision 
similar to that used for eighth nerve section. Bone 
is removed down to the lowest portion of the 
posterior fossa, out to the mastoid cells and upward 
to just above the lateral sinus. A burr opening 


*It should be said that most of those patients were in excellent 
condition and without facial paralysis, whereas with total extirpation 
the Jatter is almost always present. 
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is made over the occipital region, and a small 
rubber catheter inserted into the ventricle. This 
is left in place and fluid allowed to drain from the 
ventricle not only during the course of the operation 
but for 48 hours thereafter in order to keep intra- 
‘cranial pressure fully reduced. The patient is 
operated upon in the prone position under intra- 
tracheal ether. 

After removing sufficient bone, the dura is 
opened by a flap which is turned outward, the 
posterior cistern evacuated, and the outer third of 
the cerebellar hemisphere removed by electro- 
surgical methods combined with suction. An 
intracapsular evacuation of the tumour is then 
performed, after which the capsule and remaining 
contents are gradually freed from the fifth nerve 
above, and the ninth, tenth, and eleventh nerves 
below. Great care is exercised at the lower pole 
not to ligate the main posterior inferior cerebellar 
artery, but only the branch which it gives off to 
the tumour. Severe ataxia will result if the main 
artery is sacrificed. The petrosal vein is con- 
trolled at the sinus by “ gelfoam”. The growth 
is next mobilized by freeing its attachments at the 
internal auditory meatus, and then by grasping 
the capsule with a suitable instrument it is drawn 
away from the pons, ligating any entering arterioles 
with silver clips. During the course of this 
manoeuvre an attempt is made to preserve the facial 
nerve but as a rule this has been unsuccessful. 
Our final procedure is to clean out the tumour within 
the internal auditory meatus by curettage. All 
suspiciously oozing places in the tumour bed are 
covered with ‘‘ gelfoam’”’ and the dural flap then 
replaced and sutured with silk completely so as to 
give a watertight closure. The skin and muscle 
flap is likewise closed in layers with silk. 

The patient’s eye on the affected side is kept 
covered for several days, and patients are given 
parenteral fluids for at least 48 hours before any- 
thing by mouth is attempted. 


Mortality Rate for Entire Series.—A word as 
to the mortality figures for our entire series. From 
the inauguration of the neurosurgical service at 
the Lahey Clinic in November, 1932, until June, 
1948, we have operated upon a total of 92 patients 
with acoustic tumours. There have been 13 deaths 
in the hospital from any cause whatever, making 
the operative mortality 14-:1%. Of this total 
number, a few during 1932-1933 had only intra- 
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capsular operations. Furthermore, included among 
the 92 there were 13 patients who had been operated 
upon previously elsewhere, and in this group the 
mortality for complete removal was very high 
due to severe adhesions between the tumour and the 
pons. Out of the total there were 73 patients 
who had not been operated upon previously and 
from whom the tumours were completely removed. 
There were eight deaths in this group giving a 
10:9%, mortality, and I feel that it is this group 
which we will all have to deal with for the most 
part in the future inasmuch as secondary operations 
should, with rare exceptions, be unnecessary. 


Summary 


An attempt has been made to compare the 
useful survival rates of patients having acoustic 
tumours who have been operated upon by the two 
usual methods of intracapsular extirpation and 
total tumour removal. 

As nearly as can be determined by the data at 
hand, about 25% of all patients who have had 
intracapsular removal of their tumours will be 
alive without serious disability or following some 
useful occupation five to 25 years after their opera- 
tions. For those who have had complete removal 
of their tumours, over 60% will be leading useful 
lives. 

The five-year mortality rate in the intracapsular 
series here studied was 56:2% whereas the mortality 
for the same period in those having total extirpa- 
tions was 14-1%. 

The conclusion seems obvious, therefore, that 
only under exceptional circumstances should a 
neurosurgeon be satisfied with anything less than 
complete excision of an acoustic tumour. 


REFERENCES 


Cairns, H. (1931). Proc. R. Soc. Med., 25, 31, 34, 35. 

——(1936). Yale J. Biol., 8, 421. 

Cushing, H. (1917). *‘ Tumors of the Nervus Acousticus 
and the Syndrome of the Cerebellopontile Angle.” 
Philadelphia. 

Dandy, W. E. (1922). Johns Hopk. Hosp. Bull., 33, 344. 

Davidoff, L. M. (1940). Arch. Neurol. Psychiat., 
Chicago, 44, 1246. 


Eisenhardt, L. (1937). 
16, 390. 

Horrax, G., and Poppen, J. L. (1939). 
110, 513. 

Olivecrona, H. (1940). 

Tooth, H. (1913). 


Proc. Ass. Res. nervy. ment. Dis., 
Ann. Surg. 


J. Neurol. Psychiat., 3, 141. 
Trans. Int. Congr. Med., Sec. 7. 


Pt 1., p. 203, London. 
Van Wagenen, W. P. (1934). 
1454. 


J. Amer. med. Ass., 102, 


























a 








SYMPOSIUM : SURGICAL TREATMENT OF ACOUSTIC NEUROMA 271 


ANALYSIS OF RESULTS OF COMPLETE AND PARTIAL REMOVAL 
OF ACOUSTIC NEUROMAS* 
BY 
H. OLIVECRONA 
Stockholm 


Out of a total of 3,265 brain tumours verified 
in Professor Olivecrona’s clinic up to December 31, 
1946, there were 305 unilateral acoustic neuromas, 
(9-3°%). In addition six bilateral acoustic neuromas 
and four neuromas of the trigeminal nerve were 
verified. 

Looking back over 24 years, Professor Olivecrona 
remarked on the improvements in technique which 
lightened the surgeon’s burden. The realization 
that few patients with acoustic tumours survive 
more than three or four years if some considerable 
portion of the tumour has been left behind, led 
to the adoption of total extirpation as the method 
of choice, though it carries considerably more risk 
than more conservative measures. 

It had to be noted that the early diagnosis of 
these tumours had not improved much as time 
passed, for most of the Stockholm patients came to 
operation in a late stage of development, and not 
a few were blind, or nearly so. Only once was a very 
early tumour found at operation in a patient with 
unilateral deafness, an enlarged porus, and symp- 
toms suggestive of Méniére’s disease. 

Of the 305 cases, two cases were not operated 
upon (one a child 15 months old), and three 
had decompressions only. - 


fate of the patient depended less on the exact 
quantity of tumour tissue left behind than on the 
nature of the tumour and its rate of growth. 

The unfavourable showing of the incomplete 
removals was due to the relative inexperience of 
the operator in the earlier years, and to the fact that 
it included the failed complete removals. It is, 
therefore, weighted with unfavourable cases. If 
conservative methods were rigorously adhered to 
there was no doubt that the mortality of conserva- 
tive treatment could be reduced to insignificant 
proportions. The very favourable showing in 
the series of total extirpation with preservation of 
the facial nerve was obviously because it contained 
the more favourable cases. 

Professor Olivecrona thought that the operation 
was infinitely more difficult to do if the facial 
nerve was to be preserved, and should only be 
persisted in when the anatomical configuration 
in the operation field was favourable. 

The causes of death in the cases of complete 
removal were pulmonary complications (5), 
lesion of the basilar artery, subdural haematoma, 
injury to the vagus, shock and haemorrhage (1 each). 
In all the remaining 34 cases death was caused by 
postoperative clot in the tumour bed or haemorrhagic 


In previous communications, Olivecrona hade.softening of the pons. In about half the cases the 


divided the incomplete removals into two groups : 
(1) Intracapsular; (2) subtotal. Bué there was 
found to be no essential difference in the follow-up 
histories, and further, since the border-line between 
the two is narrow, Olivecrona decided to abandon 
this classification, and to reduce the operation to 











TABLE | 
No. of | No. of | Per- 
| Cases | Deaths | centage 
Incomplete removal. .| 83 | 24 29 
Complete removal | | 
(facial nerve preserved) 69 | | 10 | 
Complete removal att ig 623°5 
(facial nerve sacrificed) 148 (44 29.7 J 





two groups only : the complete, and the incomplete 
tumour removals. In recent years an incomplete 
removal has rarely been deliberate. Professor 
Olivecrona’s impression was that the subsequent 


* An abstract of Prof. Olivecrona’s paper. 


clot was held to be the dominant factor ; in half, 
the brain stem injury. In the angle even a small 
clot is very dangerous. Haemorrhagic softening 
of the pons might, in Professor Olivecrona’s 
opinion, be due to interruption by clips or electro- 
coagulation of the petrous and other veins on the 
lateral surface of the pons because it could be seen 
in cases where it was known that injury to the 
brain stem had been minimal at operation. 


Late Results 


Incomplete Removal.—Within three to four 
years 60%, of those treated thus are dead, either 
from the immediate effects of the operation, or 
from recurrence. Of 59 survivors, 20 are known 
to be dead with an average survival of a little 
more than three years; nine cases were operated 
upon again later, with complete removal of the 
neuroma, but four of these died. None of these 
29 ever regained full working capacity, a number 
living as invalids until their deaths. 
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On the other hand, of the 25 patients who were 
still alive, the average survival has been 13 years, 
and 12 consider themselves to be completely well 
with full earning capacity. Only four are complete 
invalids. Amongst this group were five patients 
with cystic tumours, where only the cysts were 
evacuated and the interior fixed with Zenker’s 
fluid. They have lived from five to 20 years, 
whilst four patients with solid tumours have been 
followed up for an average of 195 years. The con- 
clusion that some acoustic tumours grow impercep- 
tibly or cease to grow after incomplete removal 
is inescapable. 


Complete Extirpation.—Of the 166 patients, 
10 have not been heard from. Nine patients were 
dead from intercurrent disease. There remained 
139 cases, 63, or nearly 50%, were well, with full 
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working capacity; 54 had good but somewhat 
reduced capacity ; 22 were invalids. The causes 
of invalidism were: Blindness 7, and cerebellar 
incoordination 15. 

Of the 62 survivors in the group where the facial 
nerve was preserved, the face recovered in about 
two-thirds of the cases. Working capacity in this. 
group has been the best of all; only four patients 
were complete invalids (two blind). The length 
of time required for rehabilitation was much 
shorter in this group. 


To sum up, 29% of patients with incomplete 
removals died at once; 24% were dead in three 
to four years, and only 25% are reasonably well 
at the end of 13 years, whereas, of the total removals, 
23-5% died at once, and 55% were well and working 
after seven years. 


RESULTS IN 130 CASES OF ACOUSTIC NEURINOMA 
BY 
J. B. PENNYBACKER and H. CAIRNS 
Oxford 


We have recently made a survey of the 130 cases 
of acoustic neurinoma which have passed through 
our hands during the past 20 years at the London 
Hospital and in the Nuffield Department of Surgery 
in Oxford. Our interest has been chiefly in the 
functional results of the different operative pro- 
cedures commonly practised, as we consider that 
the clinical picture of a cerebello-pontine angle 
tumour is sufficiently familiar to most neurological 
surgeons to indicate the site of an exploration. The 
variations in operative procedure according to the 
type of tumour (acoustic tumour, meningioma, 
cholesteatoma, etc.) can be decided when the 
tumour is exposed at operation. 

Migration of the population during the war, 
difficulties in travelling, and the general preoccupa- 
tion with more urgent matters interrupted our 
routine follow-up investigations in many cases, and 
our present information is by no means complete. 
In 17 cases we have as yet no useful follow-up 
studies and in another 15 the information is not 
up-to-date. This is accordingly an interim report, 
but it is unlikely that subsequent information will 
alter our conclusions significantly. 

Our cases fall into four groups depending on the 
method ot treatment undertaken (Table I). First 
there was a group of 10 patients who had no 
operative treatment. The second group of 12 patients 
had only a decompression, usually suboccipital. 
The third group was the most numerous, com- 


prising 102 patients in whom an incomplete removal 
of the tumour was done. In the fourth group of 
25 patients the tumour was completely removed. 
It will be seen that the total is greater than our total 
number of cases owing to the fact that some of the 
patients treated by decompression subsequently had 
incomplete or complete removal of their tumour, 
while some of those treated by incomplete removal 
subsequently had the tumour completely removed. 


Group I: No Operative Treatment 


This group (10 cases) is largely unverified as some 
of the patients are still alive and others died in 
circumstances not permitting a necropsy, but the 
clinical features left little doubt about the diagnosis. 


Inoperable.—Six patients were considered to be 
** inoperable ”’, or too ill to stand operation. When 
first seen most of them were blind and had gross 
ataxy, as well as dysarthria, dysphagia, and the like. 
In this connexion we believe that if a patient is 
already irreparably blind from an acoustic tumour 
the prospects are unfavourable. After operation 
for an acoustic tumour it is usually necessary to 
learn to walk again, and the combination ot blind- 
ness with ataxia makes this such a difficult task that 
in practice it is rarely done. We have found that 


the patient who is both totally blind and ataxic is 
usually consigned to an inactive existence because 
no one has time to look after him. However, it is 
sometimes necessary to operate on unfavourable or 
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TABLE | 
ANALYSIS OF 130 CASES OF ACOUSTIC NEURINOMA* 




















Post-operative Living 
| Deaths ; | Follow-up 
Interval | | Total 
After After Death | a — 
| First Later Working | Invalid — 
Operation Operation | 
1. No operative treatment .. | — — — — — -  i- 
| 
II. Decompression alone vat l — — 7 2 10 
Ill. Incomplete removal— 
Cystictumour.. - — 4 — 6 — — 10 
Incomplete removal of 
meatal part... oo 1 — — 6 — — 7 +102 
Intracapsular i | 9 7 7 | 40 11 11 85 
IV. Complete removal. . Ka | 4 — = 12 5 4 25 











* A number of the cases appear in more than one group. 


desperate cases if for no other reason than to provide 
relief of headache. 

Most of the inoperable cases occurred in the early 
years of the series, and we are impressed by the fact 
that diagnosis generally has improved so much that 
patients are referred for treatment much earlier 
than in the past. 

While in general we welcome early diagnosis it is 
sometimes possible to make the diagnosis long 
before there is any indication for operation. In 
such cases we think it unwise to acquaint the patient 
with the diagnosis until it is time to operate on him. 
Faced with the knowledge of a “ tumour on his 
brain ’’ even a stolid patient may find the burden of 
worry intolerable until the lesion has been dealt 
with, and the surgeon’s hand is forced. In our 
experience operation in such cases is often very 
difficult: the tumour may be small, situated far 
forward and medially, and the technical difficulty of 
removing it may be such that the patient finds that 
he has much more of a disability after the operation 
than he had before. These remarks do not apply to 
the rare cases of very small tumours in the eighth 
nerve which can be detected and removed in the 
earliest stage without any damage to the facial 
nerve. 


Palliative Treatment Only.—One patient was 74 
years old when she presented herself with paroxysmal 
trigeminal neuralgia on the same side as other 
signs indicating an acoustic tumour. She was only 
concerned about the pain and this was relieved by 
an alcohol injection of the infraorbital nerve. 


Under Observation.—One patient was a boy who 
had the clinical features of multiple neurofibromata 
on the cranial nerves including both eighth nerves, 
but he had no symptoms or signs of increased 
intracranial pressure and was still at school Two 
other patients, both elderly, with slight symptoms 
and signs of an acoustic tumour have been observed 
for 10 and two years respectively and have had no 
treatment. As they are in no way disabled and can 
lead active and useful lives it would obviously be 
meddlesome to interfere with them. 

Speaking generally, we recognize two indications 
for operation ; (1) symptoms and signs of increased 
intracranial pressure, and (2) impending physical 
disability from ataxy, disturbance of speech, 
swallowing, etc. As mentioned above there are 
many cases in which the diagnosis can be made 
before either of these indications occurs; in such 
cases we prefer to keep the patient under regular 
observation. 


Group II: Decompression 
This group comprised 12 cases, with the following 
results. 
1 operative death. 


5 patients required subsequent operations after 
1 month, 2 months, 4 months, 9 months, 
5 years. 


4 patients had relief for 4 years, 6 years, 10 
years, 12 years. 


2 with insufficient follow-up information. 
We consider that there are two indications for this 
procedure : (1) To provide immediate relief of in- 
creased intracranial pressure in a patient who is 
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considered to be too ill to tolerate a more radical 
operation ; (2) to provide relief of pressure in cases 
in which symptoms and signs of increased intra- 
cranial pressure predominate over focal neurological 
abnormalities, i.e. in those patients who have intense 
headache, papilloedema and failing vision with little 
or no ataxy, dysarthria, dysphagia, and the like. 
In this series of 12 cases there were five in which 
decompression gave the required relief from 
symptoms for four to 12 years. One of these 
subsequently developed further symptoms and had 
to have his tumour removed. In four other cases 
the decompression did not accomplish its object, 
and a further operation was required one to nine 
months after the decompression. All of these 
patients were over the age of 50 when they came for 
treatment. 

In our view, decompression has its uses in 
selected cases, especially in elderly subjects. If a 
subsequent operation becomes necessary we have 
not found that the decompression renders it any 
more dangerous. The type of decompression which 
we have commonly used is identical with the ex- 
posure for removal of an acoustic tumour, so that 
at the second operation the tumour is easily 
approached by re-opening the old wound. 


Group IIi: Incomplete Removal 


An incomplete removal was done in 102 cases. 
We have subdivided this group into three: (1) 
Cystic tumours ; (2) tumours in which the removal 
was complete except that the meatal extension was 
not removed; (3) intra-capsular removal, the 
classical operation of Cushing. 


(1) Cystic Tumours (10 Cases).—This type of 
tumour responds well to the incomplete operation. 
Of our 10 patients six have remained well, leading 
active and useful lives for three to 12 years since 
operation. Four others required subsequent opera- 
tions six months to four years after the first opera- 
tion, and all of these died. Two of the deaths were 
from meningitis ; and in one, which was a case of 
very extensive and frequently recurring tumour, 
death followed soon after the fourth operation from 
an unrecognized extradural haemorrhage of the 
middle fossa. 

These cystic tumours are not to be confused with 
the subarachnoid collection of yellow fluid which 
usually covers the posterior surface of the solid 
tumours. In the cystic tumours the greater part of 
the tumour is cystic, and release of the fluid relieves 
the pressure and re-establishes the circulation of the 
C.S.F. The solid mass is usually on the medial 
wall of the tumour, and usually all that is necessary 
is to pull this gently away from the side of the pons. 
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The result is usually a full functional recovery with 
preservation of the facial nerve. In our series the 
results of re-operation were particularly unfavour- 
able, but this is a coincidence since the causes of 
death were from risks inherent in operation for any 
type of adult hydrocephalus, and were not a 
particular hazard of secondary operations for 
acoustic tumour. 


(2) Incomplete Removal of Meatal Part (7 Cases). 
—There were seven cases in which the tumour was 
completely removed except for the meatal part of 
the tumour which was left behind in an attempt to 
conserve the facial nerve. One patient died of 
haemorrhage into the tumour bed. All the other 
patients did well and returned to their normal life 
and occupation, but in one case after six years the 
tumour recurred, and at operation was almost as 
large as the original tumour. We have usually 
found it impossible to remove the meatal part of the 
tumour without destroying the facial nerve. 


TABLE II 


RESULTS OF INTRACAPSULAR REMOVAL OF TUMOUR IN 
85 CASES 


Died after first operation i in se pall 
Died later .. na = + Ee iy 
At work For 5 to 10 years .. oa 14 
- eee ee és is 12 
- 2 2 a ts pa 6 
», less than 2 years ss 8 
— 40 
Living but not working .. nd ‘i at 
Untraced a app he 1 


Subsequent operation 
1 year or less after first operation 
1-2 years 9 ” 9 9 
2-3 ’ 9 > Pe 
3-4 > 2 2” 9 


9 


9° 


[Bl eowYw 


Operative deaths 7 (2 from infection) 


Causes of death 
Operation .. - 7 - <a 
Due to symptoms of tumour .. aa 
**Pneumonia”’ 3 years after operatio 
** Angina ” so e 
Suicide 18 months,, 


16 (19%) 


9? 


we — a i 
|| 


(3) Intracapsular Removal (85 Cases).—Nine of 
these patients (Table II) died as a result of the first 
operation (10%). Fourteen of the 76 survivors 
required further operations within four years and 
of these no less than seven died, a mortality rate of 
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50%. In all, 23 of these patients are known to be 
dead. Of the remainder 40 are known to be at 
** full work ”’ or “ leading a normal life ’ for periods 
up to 10 years after operation. In 11 patients 
alive but not working there are varying degrees of 
disability from slight unsteadiness of gait to the 
complete invalidism which so often results from 
blindness and ataxy in these cases. The remaining 
11 cases have not been traced. 

The results of this type of operation depend 
largely on how extensive it is. It entails, of course, 
a cerebellar decompression with the possible 
benefits which may derive from that alone ; generally 
the excision of a portion of the lateral lobe of the 
cerebellum to expose the tumour, and this provides 
some more room; and excision of a part of the 
tumour, which is obviously the essential part of the 
operation. It is not sufficient to “ peck” at the 
tumour ; unless enough is removed to allow the 
capsule to be pulled out of the tentorial notch (in 
which it is usually impacted), obstruction to the 
circulation of the cerebrospinal fluid will continue, 
with loculation of cerebrospinal fluid in the posterior 
fossa and a tense bulging decompression. In these 
circumstances the operation will have accomplished 
little more than a simple cerebellar decompression. 
Indeed, the result may be less satisfactory than a 
simple decompression, because so much. of the 
arachnoid membrane is destroyed. Unless the 
capsule is freed and withdrawn from the pons and 
the lower cranial nerves there is likely to be little 
improvement in the neurological signs. 

Disimpaction from the tentorial notch usually 
means seeing the fifth nerve and the arachnoid of 
the cisterna ambiens, and there is usually a gush of 
cerebrospinal fluid from above the tumour. It is 
more difficult to say whether the tumour has been 
adequately freed from the brain stem, and as this is 
probably the most dangerous part of the operation, 
there is a tendency to leave too much behind: 
indeed, in cases which have died after operation we 
have usually been surprised at the amount of 
tumour remaining. 


TABLE III 
COMPLETE REMOVAL OF THE TUMOUR (25 CASES) 


4 operative deaths (2 “‘ pontine oedema,” 1 Bact. coli 
infection, 1 extradural haematoma). 

4 had had 2 or more previous operations. (One of these 
died from extradural haematoma.) 


Functional Results 


2 had gross residual disabilities. 
3 — minor disabilities but were able to lead a restricted 
life. 
12 known to have resumed a “ normal life ” for periods 
ranging from 1 to 15 years. 
3 had no facial paralysis. 
4 unknown. 


D 


Group IV : Complete Removal 


There were 25 cases in which the tumour was 
completely removed (Table III). There were four 
operative deaths, two of which have been mentioned 
in the preceding section and these patients had had 
previous incomplete removals. The other two 
deaths were ascribed to “pontine oedema”, a 
vague description of a clinical state familiar to most 
surgeons who have had experience of these tumours. 
At the end of the operation the tumour cavity looks 
dry, and the general physiological state is satisfactory. 
Within a few hours, however, there is tachycardia, 
fall of blood pressure, slow and laboured breathing, 
increasing dysarthria and dysphagia, then coma 
leading rapidly to death. At necropsy there is 
usually no obvious cause for death, no clot, obvious 
contusion or herniation. It is probable that this 
state results from interruption of blood vessels on 
the side of the drain stem when the tumour is being 
dissected from that structure. And indeed when 
we see acoustic tumours at necropsy and realize how 
deeply embedded in the brain stem they may be, 
and how intimate may be their relationship to the 
basilar artery and its branches, we can appreciate 
Dr. Cushing’s doubt as to “ whether one of these 
lesions can with safety be totally enucleated ”’. 


As to the functional results, 12 of these patients 
are known to have resumed a normal life, which is 
to say that they had minimal neurological deficits 
apart from a facial palsy which occurred in all 
except three cases. Recovery from ataxy, dysarthria, 
dysphagia, etc., is often quite rapid after operation, 
but may go on for two to three years afterwards. 
Thereafter improvement is usually a matter of 
continued re-education and adaptation to what 
deficit remains. 


Three patients were left with mild disabilities, and 
two were grossly disabled, chiefly because of ataxy, 
which if coupled with defective eyesight and 
advancing age is indeed a formidable handicap. 
There is no doubt that morale plays a large part in 
the degree of recovery: one patient may have a 
profound ataxy and be little inconvenienced by it, 
and another with very slight ataxy may remain 
almost an invalid. Next in importance to this 
personal factor is encouragement and assistance in 
re-educative activities by friends and relatives. The 
rehabilitation of a patient with a cerebellar disability 
may be a very time-consuming process, which makes 
demands not only on the patient but on those 
associated with him. 

As mentioned above all except three of these 
patients were left with a complete facial paralysis on 
the side of the lesion, and this is not surprising in 
view of the fact that complete removal often entails 
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curettage of the meatus. In cases of complete 
removal in which the nerve is thought to be intact, 
or those in which a fragment of tumour has been 
left at the meatus in a deliberate effort to save the 
nerve, there may be a complete facial paralysis for 
some weeks or months after which recovery may 
begin. We mention this fact because it may save 
some needless anastomosing operations. We have 
done very few anastomoses in these cases because 
we think that the grimacing which occurs afterwards 
is almost as unsightly as the facial palsy. By various 
plastic procedures reasonable symmetry at rest can 
be preserved, and the deforming, wasting and con- 
tractures can be prevented by regular and persistent 
galvanic treatment. In cases in which the patient 
wants help in making a decision as to his facial 
palsy we arrange for him to see a patient who has 
had a successful anastomosis and one who has been 
treated otherwise, so that he can make his own 
choice. 

The combination of facial paralysis and trigeminal 
anaesthesia required tarsorrhaphy in several cases to 
prevent corneal ulceration. In two cases in which 
this was not done keratitis began shortly after the 
patient left hospital and irreparable scarring occurred 
before a tarsorrhaphy was done. When vision is 
already impaired due to secondary optic atrophy, 
this may be a grave loss, and we now feel that 
tarsorrhaphy should be done immediately in all 
cases in which after operation there is anaesthesia of 
the cornea, and inability to close the eye. The 
tarsorrhaphy can be released when, as often happens, 
corneal sensation returns. 


In two cases of trigeminal anaesthesia there was 
trophic ulceration of the nostril. In one case there 
was such severe loss of tissue that an elaborate 
reconstruction operation had to be done. 


Discussion 


In summary we feel that each of the procedures 
mentioned above has its uses in certain cases, and 
that there is no one method which is universally 
applicable, correct, and wise. Although the operation 
for acoustic tumour is a “ set piece ’’ of neurological 
surgery, the problem for the surgeon is not simply 
the technical one of removing the tumour. He 
must know from his own examination how much of 
a neurological deficit there is, and how this affects 
the patient in his work and his daily life. He should 
have seen the patient getting about the ward, having 
his meals, and attending to himself. He should be 
familiar with the domestic and economic background, 
and know how much assistance can be mustered for 
convalescence and rehabilitation. And he should 
know something of the patient’s moral and intellec- 


tual reserve in the event that he is left with a 
disability. 

The operation of complete removal is the most 
satisfying technical achievement for the surgeon, 
satisfying because it is an achievement and because 
he knows that this particular tumour wil. cause no 
more trouble. But if in so doing he has created a 
cerebellar invalid—as may happen despite all 
reasonable care during the operation—there is little 
to be said for this pursuit of a surgical ideal when 
something less radical might have produced a better 
result. It is noteworthy that in this series the 
mortality rate for complete removals (16%) 
was lower than that for incomplete removals 
(19 %), but there were many fewer of the 
former, and there is no doubt that we have often 
been led on to a complete removal by the fact that 
“things were going well” during the operation, 
whereas in many of the incomplete removals there 
were such difficulties that had we persisted in an 
obstinate attempt at a complete removal the patient 
would have succumbed or have been left an invalid. 
In general we feel that the policy of complete 
removal has most to be said for it in young subjects 
with their whole life before them: it is an end to 
the trouble which the tumour may cause, and their 
youth will aid them to compensate for any residual 
deficit. In older subjects with family commitments 
and the like, all of the factors mentioned in the 
preceding paragraph need to be considered, and in 
many of these we believe that an incomplete removal 
may be preferable. 

But there is also the question of facial paralysis, 
which must be faced in each individual case. Before 
operation the degree of facial palsy is so slight in 
most patients as not to be disfiguring. The risk 
of producing complete paralysis is considerable 
during intracapsular removal and extremely high in 
complete removal. Complete facial paralysis seems 
a small price to pay for relief from an acoustic 
tumour, but there are some women who seem 
unable to appreciate this. Some years ago one of 
us reported a small series of cases in which it was 
possible to conserve the facial nerve during complete 
removal of the tumour (Cairns, 1931); but with 
further experience it has become clear that the 
number of cases in which the facial nerve can be 
effectively conserved during complete removal of the 
tumour, including the extension into the internal 
auditory meatus, is small. With few exceptions it 
is limited to the cases in which there is no extension 
of tumour into the meatus. There are certain 
patients, mostly young women with mobile features, 
in whom it is essential to do everything possible to 
conserve the function of the facial nerve ; and this 
usually requires an incomplete operation, with the 
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minimum interference in the region of the internal 
auditory meatus. The facial nerve is usually found 
on the front of the tumour capsule when the exca- 
vated lower pole of the tumour is lifted upwards, 
though in occasional cases it lies behind the tumour. 
Nothing short of a very thorough intracapsular 
removal of the tumour is likely to relieve the 
symptoms of raised intracranial pressure in most 
cases, and hence it is not surprising that many of 
our attempts to conserve facial nerve function have 
ended in failure. 

As more neurosurgical centres are opened in this 
country it is unlikely that any one surgeon will deal 
with a sufficient number of acoustic tumours to 
become practised in the way possible with other set 
procedures such as those for trigeminal neuralgia, 
pituitary tumours, and other types of brain tumour. 
Each case should thus be regarded as an opportunity 
for perfecting our technique, and to the young 
surgeon we would say that an operation for acoustic 
tumour is a good day’s work: it is generally a 
mistake to operate against the clock. 

In treating brain tumours it is usually possible for 
the young neurosurgeon to proceed cautiously 
without endangering his patient : for example, the 
large and vascular meningioma of the cerebral 
hemisphere can be dealt with in two or more stages. 
In acoustic tumours, on the other hand, the two-stage 
operation is of little or no use. It is essential at the 
first operation, in most cases, to remove sufficient 
tumour to re-establish the flow of cerebrospinal 
fluid through the tentorial opening, and to free the 
pons and medulla from pressure ; and that requires 
at the least a very thorough intracapsular removal of 


the tumour, and pulling away of the tumour capsule 
from the tentorial opening and the side of the pons. 
Nothing less, in most cases, will render the patient 
capable of returning to active life. On the other 
hand, radical and complete removal of acoustic 
tumours has in the past carried a high operative 
mortality, even in the hands of the most expert and 
experienced neurosurgeons ; and it is easy for the 
young surgeon of radical intent to lose two or three 
successive cases of acoustic tumour, with the result 
that he tends to treat the next case with an inadequate 
intracapsular operation. There is danger in doing 
so much as to damage fatally the adjacent vital 
centres ; there is danger in doing too little to relieve 
the patient’s symptoms. 

The outlook, however, is far from gloomy. 
In 1917 Dr. Cushing qualified his doubt about the 
feasibility of complete removal of acoustic tumour 
by saying “‘ unless some more perfected method is 
devised’. The introduction of electrosurgery 10 
years later was a great technical advance, and more 
recently the adoption of the sitting position has 
provided another improvement. In addition, the 
prophylactic use of penicillin has almost eliminated 
the risk of meningitis, which formerly was high in 
these operations, for some reason not wholly 
explained. There is thus every prospect that with 
bold design and gentle manipulative technique, the 
next decade will show considerable improvement in 
the treatment of acoustic tumours. 
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ACOUSTIC NEURINOMA 
BY 
D. W. C. NORTHFIELD 
London 


My personal experience of operation for acoustic 
neurofibroma comprises 47 patients, on whom 57 
operations were performed, with 18 deaths.* The 
following is a brief analysis of these operations :— 


Total enucleation | 
(in one stage) : 25 patients 6 deaths ; mortality 24% 

Total enucleation 
(multiple stages) : 8 patients 5 deaths ; mortality 63% 

(total mortality for enucleation : 33°) 

Partial removal : 14 patients 3 died; mortality 20% 
(further Operation necessary: 5 patients 3 died, 
and one died subsequently of the tumour _ 
(ultimate mortality for partial removal 50°) 


* This report includes cases up to October, 1949, 


Suboccipital decompression alone : 2 patients 2 died 

Emergency ventricular tap: 1 patient 1 died 

Totals : case mortality 38%. Operation mortality 32°%. 

The operation of choice in the earlier years was a 
partial (intracapsular) removal, but largely as a 
result of the experience of Horrax, I decided to 
attempt primary total extirpation more frequently, 
and this has been my endeavour since about 1942. 

This series of cases is too small for reliance to be 
placed upon percentages, although the mortality 
figures for one-stage partial and one-stage complete 
removals are not dissimilar. The figures are to 


some extent misleading, in that there has been 
evident selection of cases for radical operation 
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either by choice or by force of circumstances. 
Thus, in five patients a decompression was first 
performed as a planned step before total removal ; 
two died of this operation, and two died at a 
subsequent total extirpation. In another case, an 
attempted total removal had to be abandoned 
owing to the poor state of the patient, and 
following a second attempt the patient died. The 
more useful method of comparing the respective 
merits of partial and of total removal is an analysis 
of the subsequent histories of those patients who 
survived an initial partial, and an initial total, 
removal. 


Partial Removal (14 Cases).—Eleven patients 
recovered from this initial operation ; five needed a 
further operation (within a maximum period of 
four years), and three died. Of the eight survivors, 
two have failed to report, one has died of the 
tumour, one is bed-ridden, and only three patients 
can carry out their duties (as housewives) but they 
have moderate disability. 


One-Stage Total Removal (25 Cases).—Nineteen 
patients survived this operation: 11 are earning 
their living in employment the same as or similar to 
that before operation, although one is blind ; seven 
are housewives who have made good recoveries 
and are fully active in their domestic duties. Only 
one patient is moderately disabled by ataxia and 
poor vision after four years. 

From this analysis of results, there seems to me 
little doubt that the operation of choice is total 
enucleation, and with increasing experience the 
mortality rate will be reduced. In very large 
tumours where a palliative first stage is considered 
advisable, immediate or ultimate total enucleation 
may carry a high mortality rate, but the alternative 
is likely to be progressive invalidism. Of seven 
patients in whom the tumour was totally removed 
after a palliative first stage, five died ; one of the 
survivors is moderately, and the other severely 
disabled by ataxia. 

The approach for total enucleation has been 


either a Horrax unilateral suboccipital flap, or a 
unilateral suboccipital craniectomy through a 
straight or slightly curved skin incision. The former 
provides greater access, and I have found it pre- 
ferable when I have anticipated a difficult operation, 
by reason of the size of the tumour, or of long- 
standing and high intracranial pressure. A catheter 
has been left in the lateral ventricle for several days 
after operation and this seems to make the post- 
operative course much smoother. The facial nerve 
has been spared in only one case. For me the 
removal of the tumour with minimum damage to 
the pons is of itself a sufficiently difficult procedure, 
and any addition to this difficulty or to the surgeon’s 
anxieties by endeavours to preserve the nerve is 
likely to raise the mortality rate. Moreover, in 
avoiding damage to the facial nerve there is in many 
cases a real-risk of leaving viable fragments of 
tumour in the internal acoustic meatus, with a 
consequent probability of recurrence. The majority 
of patients—including women—willingly chose 
facial paralysis in order to be certain of total 
removal. Facio-hypoglossal anastomosis has been 
carried out in most of the patients, with considerable 
improvement in appearance, provided emotional 
expression is kept subdued. 


Cause of Death.—A post-mortem examination 
was obtained in 16 cases. In seven cases 
damage to the pons was noted either as “‘ bruising ” 
or “softening”, and in the light of Atkinson’s 
researches, these were probably all examples of 
infarction and constitute the chief cause of death. 
In three cases the tumour was bilateral as part of a 
diffuse neurofibromatosis ; operation was carried 
out in the vain hope of palliation. No case of 
multiple neurofibromata has survived operation, 
and it is doubtful if operation should be entertained 
in such cases. One patient died of pulmonary 
infection, and one of wound infection (in addition 
to pontine damage); another died in uraemia ; 
one had a fatal haemorrhage from a chronic 
duodenal ulcer. In three patients the post-mortem 
examination did not reveal the precise cause of death. 


DISCUSSION 


Professor Sir GEOFFREY JEFFERSON (Manchester) 
remarked that the reason why the acoustic neuromas 
proved so difficult technically was that they were 
relatively rare tumours. There were often con- 
siderable gaps between cases so that they were, 
in their way, new experiences each time. It took 
considerable time, therefore, for anyone to become 
expert with these tumours and that had been 


particularly true of the older neurosurgeons who 
had had to find the way. His own material now 
amounted to 153 cases of which 11 had not been 
operated upon, usually because the patient was 
blind or in extremis. A blind person with a 
cerebellar deficit, such as all had for a considerable 
period post-operatively, was in a sad situation. 
He had perhaps rejected some which others might 
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have accepted but that happens: in all branches of 
surgery. 


The overall mortality had been higher than he 
could have wished, for 37 of the 142 died (26:0%). 
The outstanding cause of death had been injury 
to the brain-stem (73°, of deaths) ; infection 13-5%; 
pneumonia 8% ; varia 5-5°%%. - 


Sir Geoffrey proceeded to give his figures for 
total extirpations which he considered to be the 
operation of choice. In the five-year period 
1943-48 the mortality had fallen to 11-7°% (four 
deaths in 34 cases), the last three-year mortality was 
6%. In 34 total extirpations the mortality was 8-8%. 
He thought that these were highly encouraging 
figures. He attributed the improvement largely 
to the use of the sitting posture of de Martel and to 
improvements in general anaesthesia (N,O0+-O,+- 
trilene). A vertical unilateral exposure had been 
in use for five years and great care was taken not 
to interfere with any vessels except those that 
ramified on the tumour itself. He had found no 
recognizable ill effects from the careful use of 
diathermy which he preferred here as elsewhere 
to silver or tantalum clips. All thermo-coagula- 
tion was done on the tumour itself with weak 
currents allowing its effects to travel slowly and 
controllably. 


Mr. G. K. Tutton later gave an account of 
the results of facio-hypoglossal anastomosis 
which he showed to be much superior to spino- 
facial. Re-innervation was the rule and _ the 
cosmetic effect good. 


Mr. A. DicKSON WriGHT (London) said that 
the surgery of acoustic tumours was given a great 
impetus when Dandy recommended the unilateral 
approach ; this in one stroke reduced the mortality 
greatly and also the disability rate in the recoveries. 
He felt that the cerebellar lobe should never be 
resected for exposure ; first it reduces the cerebellar 
tissue serving the intact vestibule on the other side, 
and secondly by robbing the cerebellum of its pial 
membrane, it increases the operative contusion 
to the cerebellar hemisphere. The mortality rate 
would be still further reduced by operating upon 
these patients in the sitting position with the head 
suspended by calipers, stitches, or hooks through 
the scalp or in the case of women by the hair 
itself. This position with all the cervical structures 
on the stretch gives just a little more working 
space and the cerebral decongestion could not be 
improved upon. The laxity obtained is remark- 
able and all fluids drain away from the operation 
field without help of suction. In addition, the 
mastoid process is removed with a burr at the 
start of the operation and the mastoid cells freely 
opened up so as to obtain the maximum Jateral 
approach to the tumour. There was no need to 
respect these cells as the ear was deaf and septic 
complications did not occur with chemotherapeutic 
precautions. 

Mr. Dickson Wright said that by these measures 
the mortality rate could be considerably reduced 
because of the improved visualization of the 
region and because gravity was on the surgeon’s 
side instead of being an adversary. 
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POSTOPERATIVE INTRACRANIAL HYPOTENSION 


BY 


JERZY CHOROBSKI 


From the Department of Neurosurgery, Academy of Medicine, Warsaw 


In contrast to the increased intracranial tension 
which often follows brain operations, the occurrence 
of intracranial hypotension is rare, but this condition 
is also of practical importance, because if unrecog- 
nized and wrongly treated it may cause an otherwise 
avoidable fatality. 

The syndrome of low intracranial pressure was 
first descrited in detail by Leriche (1920, 1935) and 
Leriche and Emery (1922) in patients who sustained 
open or closed head injury. Leriche observed it 
in 12 out of 75 consecutive cases of cranio-cerebral 
injury. The symptoms, which may appear either 
immediately or late after the trauma, consist of 
severe headache, nausea and vomiting, brady- or 
tachycardia, tachypnoea, and in more severe cases, 
of pyrexia up to 39° C. The skin of the face and 
the neck is flushed. The more or less somnolent 
patients lie curled up, and resent all external stimuli. 
Stiffness of the neck and Kernig’s sign, noted 
in some cases, may suggest inflammatory irritation 
of the meninges. In severe forms of the syndrome 
epileptic seizures occur. Lumbar puncture shows the 
cerebrospinal fluid pressure to be far below 100 mm. 
of water (in the sitting-up position), or so low as to 
be manometrically unmeasurable. The withdrawal 
of even a few drops of fluid is apt to aggravate the 
cephalgia whereas intravenous infusion of 250 ml. 
of normal saline or 20-40 ml. of distilled water is 
promptly followed by relief of headache and 
disappearance of the somnolence. In some of the 
patients who were operated upon Leriche found the 
dura mater to be retracted ; in others he found an 
empty cerebral subarachnoid space with a dry and 
shrunken brain. After intravenous administration 
of normal saline solution the previously collapsed 
meninges became tense, the subarachnoid space 
filled with cerebrospinal fluid, and the volume of 
the brain increased. 

The development of symptoms of intracranial 
hypotension may be preceded by the appearance of 
those of increased tension, the clinical differentia- 
tion between the two often being possible only 
by measuring the cerebrospinal fluid pressure. 
According to Leriche, the clinical picture results 


from hypotension of the cerebrospinal fluid, due 
either to loss of large quantities of the fluid or 
cessation of its production by the choroid plexus 
caused by vasoconstriction of its blood vessels and 
ischaemia. 

A similar symptom complex, appearing even after 
mild cranio-cerebral injury, was also observed by 
Henschen (1927 and 1930), who emphasized the 
difficulty of clinical differentiation between intra- 
cranial hypotension, commotio cerebri and sub- 
dural haematoma, the last being often diagnosed 
where an exploratory operation revealed simply a 
dry and shrunken brain. : 

From the clinic of Clovis Vincent experience of 
intracranial hypotension after neurosurgical opera- 
tion and cranio-cerebral injury was reported by 
Mahoudeau (1936) and Krebs, Puech, and Brunhes 
(1937), respectively. The former published case 
histories of 17 patients, chiefly children, who 
were operated on for posterior cranial fossa 
tumour. Since the syndrome of decreased intra- 
cranial pressure does not as a rule appear immedi- 
ately but usually some time after the intervention, 
it is due not to operative trauma, but to insufficient 
secretion of the cerebrospinal fluid by the choroid 
plexus, the activity of which has been decreased 
during the development of the hydrocephalus, 
usually of high grade. The brains of the patients 
with intracranial hypotension who died showed 
marked venous congestion and multiple foci of 
subependymal haemorrhage in the ventricular 
system. Krebs and others (1937) pointed out that 
clinically the condition of decreased intracranial 
pressure is often difficult to diagnose, as it resembles 
the syndrome of brain oedema or intracranial 
haemorrhage. Indeed, they quote Puech and 
Askenasy as having observed a similar syndrome in 
a patient with encephalitis and subarachnoid 
haemorrhage. In cases of lowered intracranial 
pressure they advise the insufflation of air or the 
injection of normal saline solution into the collapsed 
ventricular system. 

Chorobski and Kunicki (1938a) reported case 
histories of six patients, who, following operation 
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for various cerebral lesions, developed a syndrome 
similar to that described by Leriche in patients 
suffering from cranio-cerebral injury. 

In considering the signs and symptoms of intra- 
cranial hypotension we quoted Leriche (1935) who 
stressed the point that “‘ indeed, there is nothing 
in the whole syndrome which one could consider as 
pathognomonic, yet its symptoms form a striking 
clinical entity ”’. 

In the same vear (1938) the intracranial 
hypotension following trauma to the head was the 
subject of a clinical demonstration by Zenker and 
Hardt and of a paper by Sprockhoff. According to 
the latter, the state of decreased intracranial 
pressure may be due to dehydration of the brain 
following its injury, impaired production of the 
cerebrospinal fluid, or leakage of the fluid into the 
extracranial tissues through a basilar skull fracture. 

In 1940 (a and b) Sprockhoff reported the 
experience in the clinic of Tonnis with intracranial 
hypotension following neurosurgical operations. Of 
nine cases, two were patients in whom a suboccipital 
craniectomy was carried out and seven were operated 
upon for various supratentorial lesions. The defect 
in the skull in seven patients was no larger than the 
usual subtemporal bone defect left after an osteo- 
plastic craniotomy, while in two it was “ very 
large’’. The syndrome of decreased intracranial 
pressure developed 10 hours to several months 
after the operation, and consisted of more or less 
severe headache, anxiety, excitation changing 
gradually into apathy, stupor, and coma. During 
the last condition breathing was of the Cheyne- 
Stokes type. Rigidity of the neck, nausea, mild 
hyperthermia and bradypnoea, normal blood 
pressure and pulse rate were the other elements of 
the syndrome. There was marked pulling in of the 
skin overlying the bone defect, and the volume of 
the cerebrospinal fluid, which, as a rule, was normal 
in composition, was zero in four patients, 15 ml. 
in one, 20 ml. in two, 40 ml. in one, 70 ml. in one, 
and 100 ml. in one (obtained from the ventricle, 
10 hours after operation for internal hydrocephalus). 

The symptoms are likely to appear suddenly, 
often following diagnostic lumbar puncture, or 
slowly. Their intensity is mild or very severe, 
with coma. They are of short duration or may 
last for as long as one month, as in one of Sprock- 
hoff’s (1940a) patients. There is in these cases a 
great lability in the intracranial pressure, hypo- 
tension rapidly and without any apparent cause 


changing into hypertension, and vice-versa. It is 


necessary, therefore, to be cautious in filling the 
subarachnoid space with physiological solutions, as 
the injection of too much saline may easily cause a 
rise of intracranial pressure. 


Wolff (1942) in his monograph on the clinical 
significance of low cerebrospinal fluid pressure 
states that the condition may develop spontaneously, 
or follow lumbar puncture, cranio-cerebral injury, 
subdural haematoma, and brain operations. He 
considers that it is due to diminished formation of 
the cerebrospinal fluid by the choroid plexus, 
caused by alteration in its venous circulation. The 
cerebrospinal fluid hypotension may be accompanied 
by headache, accentuated by an upright position, 
and abating when the head is put down, vertigo, 
nausea and vomiting (intensified by movements of 
the head), tinnitus, rigidity of the neck, and, in 
more severe cases, disturbance of consciousness. 
The cerebrospinal fluid often contains some blood 
and the amount of protein is increased. The 
symptoms usually disappear after the patient is 
given tablets of ephetonin d/-phenylaminopropanol 
HCl and 1 to 2 litres of 0-5°% saline intravenously. 

At the thirteenth annual meeting of the Harvey 
Cushing Society, in May, 1944, List spoke on the 
clinical significance of intracranial hypotension. 
He also stated that the more severe and persistent 
forms of this condition were due to a combination 
of cerebrospinal fluid loss, its diminished pro- 
duction, and a reduced brain volume. This is 
likely to be observed after evacuation of large 
chronic subdural haematomata, surgical operations 
for hydrocephalus and cerebral tumours. The 
clinical syndrome associated with this type of 
hypotension may be frankly alarming and resemble 
a state of increased intracranial pressure. In the 
subsequent discussion Sachs related having seen 
several cases of hypotension similar to those 
described. One of his patients who had sustained 
a cranio-cerebral injury at first had been doing well, 
but excessive dehydration caused the appearance 
of symptoms suggesting meningitis. The pressure 
of cerebrospinal fluid was about 5 mm. of water. 
Within 24 hours after giving 25 ml. of distilled water, 
the patient brightened, the meningeal symptoms 
cleared, and the cerebrospinal fluid pressure came 
up to50mm. Within another few days the cerebro- 
spinal fluid pressure was normal. In two cases of 
subdural haematoma there was a fatal issue because 
the brain had lost its capacity to expand. To 
replace lost cerebrospinal fluid in cases of hydro- 
cephalus Sachs uses the artificial cerebrospinal 
fluid developed by Hartman. 


Case Reports 
Since our first report on intracranial hypotension, 
published in 1938, we have seen several cases of a 
similar syndrome. Unfortunately, we are not sure about 


their exact number as many of our case histories were 
lost during the upheaval of the last war. All we know 
is that since 1945 we have certainly observed another 
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six patients with intracranial hypotension, but of these 
the case history of one has been lost also. It concerned 
a woman, aged 50 years, with a huge meningioma in 
the right temporal lobe, whose condition of decreased 
intracranial pressure lasted for one week, during which 
time she was quite aware of what was going on around 
her, but could not talk, move her extremities, or react 
to the stimuli we were applying to rouse her, and which 
she later resented strongly. Two other patients with 
intracranial hypotension had an astrocytoma of the left 
and right frontal lobes, respectively. The fourth had 
a left parietal meningioma, the fifth a right parietal 
posthaemorrhagic cyst, and the sixth a post-traumatic 
extra- and subdural haematoma. The syndrome noticed 
in all of them was more or less the same as that already 
described, and the treatment was in all cases more or 
less uniform. 


The following three case histories illustrate the type 
of the condition we are here discussing. The first two 
have already been reported by Chorobski and Kunicki 
(1938a), and concern uncomplicated intracranial hypo- 
tension following, in the one, exposure of the brain and 
incision into the cortex, and, in the second, excision of a 
meningocortical scar. The third case is that of a patient 
recently observed whose postoperative recovery was first 
complicated by repeated blood clot formation and then 
by two episodes of decreased intracranial pressure. 


Case 1.—R. S., aged 32 years (No. 225/37), was referred 
by Dr. Z. Kuligowski on October 23, 1937. For 18 
months she had suffered from bouts of headache and 
vomiting, and lately had become somnolent and some- 
what “‘ hazy in her thoughts”’’. Objectively, there was 
incipient papilloedema on both sides, a right homony- 
mous hemianopia and a hypaesthesia over the right side 
of the body. Amnesic aphasia, acalculia and agraphia 
led us to diagnose a neoplasm in the left parietal lobe, 
and consequently the patient was operated upon on 
October 26, 1937. No attempt was made to extirpate 
the tumour which had an infiltrative character and was 
located deeply beneath the angular gyrus. The patient 
withstood the operation, consisting of osteoplastic 
craniotomy, incision into the cortex and large sub- 
temporal decompression, very well. During the follow- 
ing night she became restless, and the next morning she 
was lying motionless, with her eyes closed, reacted to 
questions only by opening the eyes, but swallowed 
fluids properly. Her temperature was 36-9° C., respira- 
tion 22, pulse 84. Eight hours later she ceased to react 
to questions almost completely, but when very strongly 
pinched she did flex her extremities. Her temperature 
was 37° C., pulse 80, respiration 24, and the blood 
pressure, which before the operation was 135/75 mm. Hg, 
was now 140/80 mm. Hg. Lumbar puncture revealed a 
colourless cerebrospinal fluid, coming out drop by drop 
so that it was impossible to measure its pressure. The 
patient was given 10 ml. of distilled water intravenously, 
changed into the horizontal position, and her condition 
began to improve ; that is, she opened her eyes, mur- 
mured something when spoken to and drank tea with 
avidity. She continued to improve and the next morning 
(October 28, 1937) she was fully conscious, tried to 


answer questions, and was smiling contentedly. Her 
temperature was 36°8° C., pulse 82, respiration 22, 
blood pressure 140/80 mm. Hg. Seven days after the 
operation she left the neurosurgical unit for another 
department with her condition progressively improving. 


Case 2.—M. R., aged 27 years (No. 229/37), was 
referred on November 3, 1937, by Dr. L. Hiszhaut- 
Zeldowicz. Eighteen months previously he was struck 
on the head, and was unconscious for about one week. 
He had at first a complete and then a partial motor 
asphasia with paresis of the right upper extremity. 
For the past year he had suffered from epileptic fits, 
which consisted of paraesthesiae of the right hand which 
might develop into grand mal seizures. Since the 
injury he had complained of headache and vertigo. 
Objectively, he had two small bone defects in the left 
frontal and parietal regions, weakness of the lower 
right face, paresis of both extremities on the right side, 
and hypaesthesia of the whole right side of the body, 
particularly marked over the right hand. The puncture 
of the ventricles, carried out in the half-sitting position 
before the introduction of air, revealed a marked hypo- 
tension of the cerebrospinal fluid, which had to be drawn 
out with a syringe. The anterior horn of the left lateral 
ventricle was definitely enlarged, but there was no 
pulling of it towards the frontal bone defect or the 
expected scar. 

Osteoplastic craniotomy performed on November 8, 
1937, in the left frontal region, revealed a large meningo- 
cortical scar, running from the middle of the motor 
cortex down to the region of Broca’s centre. Immediately 
after the excision of the cicatrix with an electrocautery, 
the cortical veins became enormously engorged and the 
brain swollen. Because of this unexpected complica- 
tion the bone flap could not be properly replaced and 
had to be taken off. The postoperative course was as 
follows. 

During the next 12 hours the patient had five general- 
ized epileptic fits. The first two days after the operation 
he lay with his eyes closed, which he opened to command 
but otherwise did not react to questions or mild external 
stimuli. His rate of respiration was 32, pulse 120-150, 
temperature 37-6°-38-5° C.; blood pressure, which 
before the operation was 145/90 mm. Hg, was then 
110/70 mm. Hg. The lumbar puncture, carried out at 
two different levels on the second postoperative day, 
showed the cerebrospinal fluid pressure to be very low, 
while the skin overlying the huge skull defect, which for 
several hours after the intervention was very tense, was 
now definitely pulled in. Immediately this was noted 
the patient received intravenously 20 ml. of distilled 
water and was put into the horizontal position. Within 
the next few hours he became animated, opened his eyes 
immediately when asked to do so, tried to speak, and 
ate a hearty meal. The skin of his face and neck was 
still red. His temperature was 39° C., pulse 144, 
respiration 44. The next day (November 11, 1937) he 
was still better, kept his eyes constantly open, and spoke 
a few words. Nine days later (November 21, 1937) he 
once again became somnolent, and was crying and 
complaining of severe headache. The skin overlying 
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the bone defect was markedly pulled in. A few hours 
after he had been changed into the horizontal position 
and received 20 ml. of distilled water he again felt well, 
and there was no pulling in of the skin flap. On 
November 25, 1937, that is two weeks after the operation, 
the patient left us almost completely recovered. 


Case 3.—D. K., aged 35 years (No. 203/49), was 
referred by Dr. S. Wlodarczyk on September 16, 1949. 
One month before she had suddenly noticed that several 
times a day first her right index and middle fingers and 
then the whole hand would become numb. At the same 
time she began to complain of severe frontal headache 
and vertigo, and vomited frequently. While talking 
she had some difficulty in finding proper expressions. 
On admission we found some weakness of the lower 
portion of the face on the right and a slight paresis 
and hypaesthesia of the right upper extremity. Otherwise, 
no abnormalities were noticed on general or neurological 
examination. The laboratory findings were essentially 
negative. The fields of vision were normal, but the 
radiographs of her skull showed an area of erosion in 
the left postcentral region and markedly dilated vascular 
channels for the meningeal blood vessels. A _ left 
postcentral meningioma was diagnosed. 

The operation performed under local anaesthesia on 
September 23, 1949, revealed the tumour, the size of a 
very large plum, invading the overlying bone. It was 
reddish brown in colour, of rather soft consistency, and 
showed multiple foci of old haemorrhage. It was 
removed in toto. There was also an old thinly encap- 
sulated subdural haematoma reaching from the base of 
the skull up to the superior longitudinal sinus which 
was also taken out. Because of the suspicion at the 
time of operation that we were dealing with sarcoma, 
the small defect in the dura mater produced by invasion 
of the tumour was left uncovered, and since the slightly 
swollen brain showed a tendency to prolapse, the dura 
mater was not sutured. The bone flap, from which 
there was at the time of closure no more bleeding than 
it is usual in similar cases, was replaced and the galea 
and the skin sutured in layers. 

When the patient left the operating room her blood 
pressure was 120/90 mm. Hg, pulse 80, and respiration 
17. She was perfectly conscious and was talking without 
much difficulty. During the operation she was given 
1,500 ml. of normal saline intravenously. In spite of 
her good postoperative condition, however, she was 
given 450 ml. of whole blood. One hour later she 
complained of numbness in her right hand and still 
later she became slightly more apathetic. About ten 
hours after the operation she ceased to talk, became 
incontinent, did not swallow fluids or react to external 
stimuli. Her temperature was 37°8° C., pulse 84, 
respiration 24, blood pressure 120/70 mm. Hg. The 
cerebrospinal fluid was colourless but under increased 
pressure, so about 30 ml. was withdrawn and the patient 
received 30 ml. of 15% salt solution intravenously. 
When no improvement was noticed, exploration of the 
operative field was carried out 12 hours after the initial 
operation, and a large blood clot, closely attached to 
the bone flap, removed. No bleeding was seen from the 


dura mater or from the cavity in the brain, which was 
not entirely filled in, resulting from removal of the 
tumour. The whole brain was rather dry and sunken. 

After the removal of the haematoma the condition of 
the patient definitely improved. She regained con- 
sciousness, but was rather restless. However, this 
improvement lasted only for some nine hours, and then 
the state of coma returned. We decided to carry out a 
second exploration, but before that she was given 
another 450 ml. of whole blood, although her blood 
pressure was 110/70 mm. Hg, pulse 93, respiration 25, 
and the temperature 37-4° C. 

The third operation was performed 24 hours after the 
first, and once again, as at the second operation, we found 
a large blood clot firmly attached to the bone flap. 
After each removal of the haematoma and before the 
wound was closed, we sealed all the possible sources of 
bleeding with the utmost care, and yet the patient 
developed a third blood clot, but this time attached only 
to the bone flap. Six hours after the third operation, 
and an improvement which lasted for two hours, she was 
operated upon for the fourth time after having received 
a third transfusion of 450 ml. of whole blood. This 
time there was some oedema of the brain and we had to 
remove the bone flap which was the source of her un- 
controllable bleeding (Fig. 1). 





Fic. 1 


On leaving the operating room, the patient had a 
blood pressure of 110/70 mm. Hg, temperature 37-9° C., 
pulse 110, and respiration 24. She again recovered 
from her serious condition, but less promptly and 
markedly than after the second operation. The next 
morning, September 25, 1949, she was conscious although 
somnolent. We cut, therefore, some three skin and 
galea stitches and inspected the surface of the brain: 
there were a few small blood clots and some fluid, and 
the brain was neither shrunken nor swollen. 

From then on the patient began to improve slowly but 
steadily until the next day when again she ceased to 
swallow fluids, or respond to questions, and only reacted 
to very strong external stimuli. Her blood pressure was 











284 JERZY CHOROBSKI 


at that time 120/90 mm. Hg, temperature 36°8° C., 
pulse 68, respiration 20. The skin flap overlying the 
skull defect was definitely pulled in and her face was 
flushed. When she was put into the horizontal position 
and received 1 litre of normal saline solution sub- 
cutaneously, her condition almost immediately improved; 
she became animated, started to drink and asked for the 
bed pan. The skin flap was distinctly elevated. However, 
one hour later, while still improving, she went into 
status epilepticus, which consisted of clonic seizures of 
the right angle of the mouth and the right hand. It 
lasted for almost four hours, being finally broken down 
by 0-6 g. of sodium luminal given hypodermically, 
20 ml. of 10% sodium bromide injected intravenously, 
and 20 ml. of air introduced into the lumbar sub- 
arachnoid space. When, at last, the right-sided clonic 
movements ceased, the left angle of the mouth began to 
move and the clonic seizures continued for two hours. 
After this rather stormy episode the patient again felt 
well, and the next day, September 27, 1949, ate a hearty 
meal. Six hours later, the clonic movements of the left 
angle of the mouth returned, but only for a few minutes. 
Thereafter her condition was satisfactory until the 
afternoon of the next day, September 28, 1949, when 
she gradually became somnolent, ceased to react to 
questions, responding only to pinching and pricking. 
Her skin flap was once again pulled in. Because of our 
experience that withdrawal of even a few drops of the 
cerebrospinal fluid may aggravate the condition of 
decreased intracranial pressure, no lumbar puncture 
was made. The blood pressure was at that moment 
90/60 mm. Hg, pulse 90, respiration 16, and the tem- 
perature 37° C. (Fig. 2). Some 20 minutes after she had 
been put into the horizontal position the patient was 
much better. Her blood pressure rose to 100/70 mm. Hg. 





From then on she recovered slowly, yet refused to lie 
in her bed with the head up. She told us that every time 
she was in the semicomatous condition she was perfectly 
aware of what we did to her, but could not react to it. 
She left us on October 10, 1949, with only a slight 
motor aphasia, paresis, and hypaesthesia of the right 
hand. 

Microscopical examination showed the tumour to be 
a meningioma with a few mitotic figures. 

The bone flap was replaced on April 3, 
when seen some two months later, 
entirely well, 
symptoms. 


1950, and 
the patient was 
and practically without any signs and 


Discussion 


It is, no doubt, interesting to note that both 
Sprockhoff’s (1940a'and b) and List’s (1944) in- 
dependent description of the signs and symptoms of 
intracranial hypotension appearing after neuro- 
surgical procedures, correspond closely with the one 
reported (1938a and b) by Chorobski and Kunicki. 
Indeed, no difficulties are encountered in recognizing 
this syndrome, although its physiopathology is still 
debatable. 

In all the three reports the greatly reduced 
pressure of the cerebrospinal fluid due to its 
diminished volume and the disturbance of con- 
sciousness are considered the pathognomonic signs of 
the syndrome. However, it is not easy to answer 
the question whether the decreased production of 
the cerebrospinal fluid represents only one of the 
causative factors or whether it causes the appearance 
of all the other signs and symptoms. 
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Loss of cerebrospinal fluid after lumbar puncture 
or spinal anaesthesia may cause a more or less 
persistent intracranial hypotension (Jacobaeus and 
Frumerie, 1923; Solomon, 1924; Alpers, 1925; 
Nelson, 1930; Pickering, 1939 and 1948 ; Kunkle, 
Ray, and Wolff, 1943 ; Thorsen, 1947), the low intra- 
cranial pressure being by many considered to be 
due to leakage of the fluid through the perforated 
spinal theca. It is also assumed that withdrawal of 
the cerebrospinal fluid column supporting, as it 
does, the cerebrum, causes shifting of the nauraxis 
and tension on the meninges and cerebral blood 
vessels and thus headache and other signs and 
symptoms. Yet, it seems that there must be in 
cases of intracranial hypotension some other 
mechanism which causes the insufficiency of com- 
pensatory cerebrospinal fluid formation. 

We cannot explain our postoperative cases of 
decreased intracranial pressure by loss of the 
cerebrospinal fluid alone, inasmuch as, contrary to 
the experience of Mahoudeau (1936), Sprockhoff 
(1940a and b), and List (1944), we have never seen the 
syndrome occur after removal of tumours closing 
the fourth ventricle, nor Stookey’s and Torkildsen’s 
operations, surgical procedures which, naturally, 
would favour the development of the symptom 
complex of intracranial hypotension. Actually, 
the ventricular system was opened in only one of 
our 12 cases and in only a second was one of the 
lateral ventricles found to be dilated. Therefore, 
in only two cases could there be any question of a 
more or less marked loss of the cerebrospinal 
fluid. In none, including the two cases just men- 
tioned, did we observe after the operation the 
fluid to accumulate beneath the skin flap which, 
of course, would denote leakage of the cerebro- 
spinal fiuid into the extracranial tissues. 

We believe that the diminished volume of the 
cerebrospinal fluid and its low pressure does not 
therefore represent the causative factor, but only 
the most important objective sign of postoperative 
intracranial hypotension, and is not due to leakage 
of the fluid, but to its disturbed formation by the 
choroid plexus. How this disturbance is caused 
is another question not easy to answer. From the 
evidence now available, it seems that the cerebro- 
spinal fluid is not a dialysate produced by filtration, 
but a product of secretion by the choroid plexus, 
as already postulated by Flexner (1934). If the 


formation of cerebrospinal fluid conformed to the 
physico-chemical laws of filtration, its insufficient 
production in our cases would have to be caused 
by a decrease in intracranial venous pressure, 
hindering its formation and facilitating absorption, 
or an increase in osmotic blood pressure, favouring 
Whether there was in our patients 


absorption. 


any change in the protein and crystalloid con- 
stituents of the blood and consequently in osmotic 
pressure following loss of blood, plasma, or fluid, 
has not been determined. We cannot be quite 
certain, therefore, whether the decreased volume of 
the cerebrospinal fluid should not be referred to 
alteration in the chemical composition of the blood. 

One of the most characteristic features of the 
syndrome of intracranial hypotension is the normal 
or nearly normal behaviour of the systemic arterial 
blood pressure, both before the appearance and 
during the duration of hypotension. None of our 
patients had the systemic blood pressure markedly 
altered for more than a matter of minutes, so we 
have no reason to assume that the eventual decrease 
in choroidal venous pressure was induced reflexly 
or passively by this extracerebral circulatory factor. 
If the systemic blood pressure were markedly lower 
it could decrease the cerebral and choroidal blood 
flow, but as any changes in the systemic arterial 
blood pressure were unimportant, the cerebral 
vascular reflexes were certainly adequate to deal 
with them. 

Only three of our 12 patients showed an increase 
in the rate of respiration, this being observed not 
before the development, but during the state of, 
intracranial hypotension. Over-ventilation, by lower- 
ing the arterial carbon dioxide tension, depresses 
the cerebral blood flow (Gibbs, Gibbs, and Lennox, 
1935) and thus hinders cerebrospinal fluid formation. 
Increased respiratory excursions facilitate the 
venous return to the thorax, and reducing intra- 
cranial venous pressure hinders the production and 
favours the absorption of the cerebrospinal fluid. 
But, as the respiration in the great majority of our 
patients was practically normal, the reason for the 
disturbed cerebrospinal fluid formation must be 
looked for in other factors. 

In our cases, as the complication was post- 
operative, we should a priori suspect the surgical 
trauma to be the causative agent. The exposure 
of an area of the brain at operation to relatively low 
temperature made more or less anoxaemic and a 
depot of injured tissue metabolites, surely gives 
rise to afferent nerve impulses and absorption into 
the blood circulation of toxic agents, both of which 
factors may cause a decrease in the cerebral blood 
flow and thus modify the various activities of the 
brain. Indeed, we believe that the course of events 
leading to postoperative intracranial hypotension 
may well be like this. Due to unknown circum- 
stances, some individuals react even to simple 
operative procedures by reversible circulatory 
changes, which presumably are only quantitatively 
different from those described by Prados, Strowger, 
and Feindel (1945) in animals with the brain simply 
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exposed. The alteration in the activity of the 
central nervous system due to ischaemia and 
anoxaemia, developing more or less rapidly, takes 
place both in the close vicinity of the operative 
field and in remote parts of the cerebral hemi- 
spheres, affecting as a rule the hypothalamus, 
hence, exacerbation of the symptoms existing 
before, or caused by the operation, such as the 
epileptic seizures starting in our Case 3 from the 
hemisphere opposite to that operated upon, the 
development of disturbances of consciousness, and 
of cerebrospinal fluid production. 

The alteration of consciousness, characterized by 
a lethargic-like state, is distinctly different from the 
coma or even semi-coma of marked intracranial 
hypertension. The condition of one of our patients 
who “slept”? motionless for one week, during 
which time she swallowed fluids quite properly, 
and afterwards complained about all the prickings 
and pinchings with which we tried to rouse her but 
to which she was unable to react by motion, 
characterizes the disturbance of consciousness in 
patients with low intracranial pressure. We feel 
that this condition, which seems to resemble very 
much the state of ‘arrested consciousness ”’ of 
patients with tumours affecting the posterior part of 
the hypothalamus (Bailey, Buchanan, and Bucy, 
1939), results from involvement of the diencephalon. 
This would be in harmony with the now universally 
accepted view on the localization of sleep, both 
normal and pathological, in this part of the brain 
(Hess, 1932), as well as with the thesis put forward 
by Penfield (1938) on the diencephalic location of 
the highest level of integration within the central 
nervous system essential to consciousness. 

Nothing is known about any possible relationship 
between the activity of the hypothalamic sympa- 
thetic and parasympathetic centres and the function 
of the choroid plexus. However, once we accept 
the now prevailing view that the choroid plexus 
secretes the cerebrospinal fluid, there is perhaps an 
excuse for postulating a centre controlling its 
activity and located in the diencephalon. If this is 
the case, then the insufficient secretion of the 
cerebrospinal fluid by the choroid plexus, . the 
glandular activity of which is affected by ischaemia 
and anoxaemia of the diencephalon, would represent 
the negative sign of hypothalamic anoxaemia, as 
lacrimation, salivation, and perspiration in cases of 
diencephalic epilepsy (Penfield, 1929) represent the 
reverse. However, even if one could not accept 
the view that the choroid plexus secretes the cerebro- 
spinal fluid, i.e. that it is formed by the specific 
tissue activity of the gland, controlled by the 
secretory nerves, there still would be a possibility of 
assuming a controlling influence of the diencephalon 


on the cerebrospinal fluid formation, the filtration 
of which would then be regulated in the same way 
as the filtration of urine. Prados and others (1945) 
found some indirect evidence that damage of the 
nerve centres of the hypothalamus was probably 
depressing the activity of the anterior lobe of the 
pituitary. It would be of great interest to know 
whether our hypothesis of ischaemia and anoxaemia 
of the diencephalon in cases of postoperative intra- 
cranial hypotension alters the function of its 
posterior lobe, and thus affects cerebrospinal fluid 
formation. The deficit of the cerebrospinal fluid 
in cases of intracranial hypotension, that is, loss of 
a buffer and reservoir necessary to regulate the 
contents of the cranium, is followed by displace- 
ment of the brain towards the posterior cranial 
fossa and tension on blood vessels of the base of 
the brain, including the anterior and posterior 
choroidal arteries. The temporary closure of these 
basilar blood vessels, due to stretch, adds to the 
difficulties not only of cerebrospinal fluid secretion 
but also of oxygenation of the cerebral tissue, 
already impaired by the after-effects of operative 
trauma. Hence, the aggravation of the patient’s 
condition in the sitting-up position, and the striking 
improvement, particularly in the state of conscious- 
ness, on lowering the head horizontally, that is, by 
the reshifting of the brain and elevating the intra- 
cranial arterial and venous pressures. 

The reformation of the cerebrospinal fluid starts 
most promptly after intravenous injection of distilled 
water or hypotonic sali solution infused at room 
temperature. It seems however that the physical 
mechanism by which the injected solutions act 
upon the choroid plexus may not be the only one in 
promoting cerebrospinal fluid formation. Indeed, 
we feel that the influence of intravenously adminis- 
tered solutions on cerebrospinal fluid formation 
may be partly of a nervous nature, the infused fluid 
breaking off the inactivity of the choroid plexus 
through reflex stimulation of its secretory centre, 
similarly as the swallowing of hot food may stimu- 
late lacrimation. 


Summary 


Surgical trauma to the brain is tollowed in some 
0-8% of patients* operated upon for various 





*Puech and others, speaking on intracranial hypo- 
tension at the French-English neurological meeting in 
Paris in May, 1948, the proceedings of which were 
published quite recently in Revue Neurologique (1948, 
80, 447-480), state that they had observed the condition, 
following neurosurgical operation, in 10°-5% of their 
patients. This high incidence is truly surprising. 


However, it is rather difficult to be sure whether the 
syndrome of intracranial hypotension means to them the 
[Continued in next page 
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intracranial lesions by a decrease in intracranial 
pressure caused chiefly by cessation or insufficient 
formation of the cerebrospinal fluid. 

The diminished volume of cerebrospinal fluid 
represents the pathognomonic sign of a syndrome 
consisting of semicoma or a lethargic-like state, 
pulling-in of the skin overlying any existing skull 
defect, flushing of the face and the neck, aggrava- 
tion of symptoms existing before the operation or 
caused by it, and normal or nearly normal blood 
pressure, pulse, respiration, and temperature. 

The whole clinical picture of postoperative intra- 
cranial hypotension probably results from ischaemia 
and anoxaemia of the brain, particularly the dien- 
cephalon, the disturbance of the cerebral blood 
flow being most likely caused by exposure of the 
brain to lowered temperature, afferent nerve 
impulses originating at the site of operation, and 
absorption of injured and anoxaemic tissue meta- 
bolites, all of which may well act upon the cerebral 
blood vessels. 

It looks as if both the disturbance of conscious- 
ness and interrupted cerebrospinal fluid production 
were caused by ischaemia and anoxaemia of the 
hypothalamus, which seems to be the seat of 
nervous integration essential to consciousness, and 
miy be a “centre” controlling the cerebrospinal 
fluid secretion. 

Displacement of the brain towards the foramen 
magnum and tension on the basilar blood vessels 
in the sitting-up position, due to a deficit of the 
cerebrospinal fluid normally supporting the intra- 
cranial contents, add to the difficulties of cerebral 
blood circulation, hence the marked improvement 
when the patient is put in a horizontal position. 
This change of posture reshifts the brain with its 
basilar blood vessels and increases the intracranial 
arterial and venous pressures. 


Continued | 

same thing as to us, since—for them—it may be 
** predominant’, or “‘ associated’ with serous menin- 
gitis, dilatation of the ventricles, oedema of the brain, 
or “ other intracranial lesions’. For Puech and others 
the physiopathology of intracranial hypotension “ is 
easy to be conceived’. This does not seem to be the 
view of Ritchie Russell (1948), who, discussing the 
various papers concerning the condition of decreased 
intracranial pressure, made the stimulating suggestion 
that biochemical studies concerning water metabolism, 
particularly in connexion with dysfunction of the 
hypothalamus, might perhaps elucidate the actual 
mechanism of intracranial hypotension. 


niin, santo (1945). 


Stimulation of the choroid plexus by the intra- 
venous infusion of 05% salt solution is 
another therapeutic measure which often is useful 
even in a serious situation. 


Unrecognized intracranial hypotension if wrongly 
treated may end fatally. 
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ELECTRICAL ACTIVITY OF THE HUMAN BRAIN DURING 
ARTIFICIAL SLEEP 
I. THE CYCLICAL PATTERN OF RESPONSE TO BARBITURATE SEDATION 


BY 


B. D. WYKE* 


From the Nuffield Department of Surgery, Radcliffe Infirmary, Oxford 


A wide variety of special techniques is now 
employed in clinical electroencephalography (Kauf- 
man and Watson, 1949) to unmask latent abnorm- 
alities in cerebral electrical activity. One of the 
most useful of these is clinical and electrical observa- 
tion of the patient while asleep (Gibbs and Gibbs, 
1941, 1947; Wyke, 1949), and this provides 
information of physiological as well as of direct 
clinical interest. 

As observations during natural sleep are in- 
convenient, artificial methods of sleep induction 
have been sought, and such various substances as 
paraldehyde, sodium amytal, ‘* nembutal,’’ sodium 
pentothal, sodium evipan, and seconal sodium 
have been employed to this end. The most satis- 
factory agent for this purpose in our hands is 
seconal sodium}, suggested by Gibbs and Gibbs 
(1949), and our experience with it now embraces 
100 cases. 

On the basis of this experience the present 
communication discusses the cyclical changes that 
this agent induces in the human electroencephalo- 
gram. It is restricted to the normal physiological 
changes. The technique for clinical testing and the 
abnormal variations are discussed elsewhere. 


Method 


Preliminary electroencephalographic examinations at 
rest and during hyperventilation were made on a number 
of clinically normal individuals, and from these five 
healthy young adults (with no personal or familial 
history of neurological disorder) were selected for study 
for this report because of the clarity and stability of 
their cerebral electrical activity, and because the 
dominant alpha frequency lay in the faster bands (10 
to 12 c/s). These criteria were chosen to facilitate 
study of frequency changes. 


* Beit Memoria! Research Fellow. 
+ Sodium 5-allyl-S—(1—methylbutyl) barbiturate, 
rrr, fee CH. CH. 
Na-O-C 
\HN—CO” — \CH (CH). CH;. CH. CH3. 
manufactured by the Eli Lilly Company. 


The subjects were put to sleep with graduated doses 
of seconal sodium, given orally in 1:5 gr. (0-1 g.) 
absorbable capsules. The final dosage varied with 
each individual, but in no case did the total amount 
exceed 4°5 gr. (0-3 g.). This method was used in order 
to produce a very gradual onset of sleep, so that detailed 
clinical and electrical studies could be made during the 
process. Comparison with our other records shows that 
the response to such graduated sedation does not differ, 
except in its time relations, from the response produced 
by the less prolonged induction of sleep employed in 
routine studies. 

Attempts were made to correlate the EEG changes 
with the depth of sleep by examination of the patient 
at various stages. The responses to various forms of 
sensory stimulation (tactile, painful, visual, and auditory) 
as well as observations of the subject’s spontaneous and 
reflex behaviour were noted as the record was being 
made. Observations during spontaneous waking as 
well as during provoked arousal were made in each case. 

The subjects were examined lying on a bed in a 
darkened room. Tracings were made at frequent 
intervals from all regions of the head (frontal, precentral, 
postcentral, occipital, and temporal areas). Each test 
occupied three to four hours, compared with the one 
and a half to two hours required for routine 
clinical testing. The technical details, method of 
electrode placement, and method of recording have been 
described in detail in separate reports (Wyke, 1949 ; 
1950), but it should be emphasized that each chrono- 
logical stage of sleep has been examined in both longi- 
tudinal and transverse runs, and with and without ear 
leads. 


Results 


Comparative analysis of all our records shows 
that following an adequate dose of seconal sodium 
each patient passes through a series of stages, from 
waking to sleeping and back to waking again, that 
are recognizable clinically and electrically. Each 
subject varies slightly in various minor details, but, 
independent of whether the case is clinically normal 
or abnormal, a basic cyclical pattern of response 
(Fig. 1-6) is common to all. As in normal sleep, 


there is no clear transition from one stage to the 
288 




















Kd 
Vv 
‘535 ‘7 ‘Dl 2 
O3S i ¢ “Old ‘O38! ‘| ‘Oly g 
i as 
AN OS ‘1 3Ov_S AN os| ‘NOI LVQ3S 340338 - 39vis = 
Y 
Ve ae ae Le a ee pt prcnrtatalla nf ANNAVrrnrnrwrnrnr aaa OE LOGO eT POC Vw ween &. 
Ss = = 
a, 
if p) & 
pe bce AN > a \ le ~ py 
Aten OO gt mgs OOl OOD IIS b acintin iitiadi een RN 0 i ed \ eee 


nnn eee ne Canta AAT A AVANA Vi aadh “avo cetra’a ata 4 aVAUVAVAYA AAA A ote eerees 


Werner eee er? PPR Oren? 


_— ~~ — ~~ an 
— — sm 0 0 8 ee eee” err? ——_—™ Sines 


~ 
RDO RRO AE ae LIOOOLDBILOGO>aeeea aoe vvveemm"n ee ee : ) 





eee PDO 


recording 15 minutes after initial oral dose of 2°25 grains 


~—™, 
ace afl ncecon i inn sty, pO A OODLE 


eNO OE EEO QD aE 


mere ee 080 020208 ress 0 eee Tenner 


nr nnn nnn nner PDI NAIODIN A py 


Figs. 1 to 5 are successive records from the same subject at one examination. 


istics unchanged throughout. 
Fic. 2.—Stage 1 of progressive barbiturate sedation : 


(0-15 g.) of seconal sodium. Subject still awake and alert. 





at 11 c/s. 
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Fic. 1.—Normal resting record immediately before administration of seconal sodium. Occipital alpha rhythm 
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Fic. 3.—Stage 2 of progressive barbiturate sedation : 
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recording 35 minutes after initial oral dose of 2-25 grains 


(0-15 g.) of seconal sodium. Subject lightly drowsy. 
Fic. 4.—Stage 3 passing into Stage 4 of progressive barbiturate sedation : 


Subject 


recording 80 minutes after initial dose 


of 2:25 grains (0-15 g.) of seconal sodium, and 20 minutes after a further oral dose of 0-75 grain (0-05 g.). 


asleep. 
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Subject deeply asleep. 
Amplifier characteristics 


Initial dose of seconal sodium 3 grains (0-2 g.) 


recording 110 minutes after initial oral dose of 2:25 grains 
(0-15 g.) of seconal sodium, and 50 minutes after a second dose of 0-75 grain (0-05 g.). 
Fic. 6.—The stages in progressive barbiturate sedation as seen in lon 
Recording times given in Table I. 


Fic. 5.—Stage 5 of progressive barbiturate sedation : 


gitudinal leads. 


Different subject from Figs. 1 to 5. 


1-5 grain (0-1 g.) 60 minutes later. 
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TABLE I a voltage about half that of the spindled alpha 
ates activity which remains at the dominant frequency 
Stage ——— a of the waking record. This latter activity is also 
ee ee ee Saree i : gradually reduced in amplitude as the subject passes 
I 15 — through this stage, after the initial transient increase 
2 : a oa in voltage that occurs in some subjects. In the 
4 100 40 frontal regions the beta activity shows periodic 
5 135 75 slowing to 16 c/s, so that the normal mixture of 
Awake (spontaneous) 150 90 beta frequencies begins to be interrupted by short 





next, a waxing and waning of changes superimposed 
upon a general trend into progressively deeper sleep 
being the usual picture. 

Any subdivision of the processes of natural or 
induced sleep is therefore arbitrary, but the descrip- 
tion to follow embodies those subdivisions which 
seem to have practical significance. The details 
of the present analysis are described from the 
records of the five patients specially selected for 
protracted sleep study ; but all the stages may be 
identified, however briefly, in each of the records 
in which a more rapid survey has been carried out. 


Stages in the Seconal Sleep Cycle 

Stage 1 (Figs. 2 and 6).—During the first 
10 to 20 minutes, under our 
graduated dosage, as the subject lies quietly with his 
eyes closed, there begins a slowly developing 
instability of the resting rhythm. This becomes 
apparent first in the temporal regions, and a little 
later in the occipital leads. At the same time there 
is a gradual increase in the voltage of the beta 
(16-30 c/s) activity from the frontal regions, and 


sometimes a transient increase in the amplitude of 


the occipital activity also occurs. 

During this period the subject undergoes no 
apparent subjective or objective change. He is 
fully alert, able to perform calculations and reply 
to questions in normal fashion, and makes fairly 
frequent spontaneous movements as he settles 
down into a comfortable position. 

Towards the end of this period some shortening 
of the duration of the alpha spindles is noticeable, 
and alpha suppression in response to visual stimula- 
tion becomes less crisp than normal. 


Stage 2 (Figs. 3 and 6).—Over the next 15 to 
20 minutes, the instability of the resting rhythm 
becomes progressively more pronounced. 

More marked in the temporal regions, this 
instability is always more advanced in these areas 
than the corresponding changes in the occipital 
leads. In the latter, the duration of the alpha 
spindles is further decreased, and the gradually 
lengthening intervals between them are occupied 
by mixed alpha frequencies from 8 to 12 c/s with 


conditions of 


runs of 16 c/s activity. 


During this period the subject gradually becomes 
quieter, his respiration slows a little, and he makes 
fewer and fewer spontaneous movements. Initially, 
there is a subjective feeling of relaxation, during 
which there is occasional yawning, and this passes 
into a stage of light drowsiness during which the 
subject may lose contact with his environment for 
brief moments. However, he is readily roused by 
a conversational voice or a light touch, although 
replies to questions are now definitely slowed and 
sometimes a little confused. Application of any 
of these stimuli quickly reverses the brain potential 
pattern through the preceding stages, but the 
gradually progressing stages of sedation re-establish 
themselves quickly as soon as the subject is allowed 
to quieten down. 


Stage 3 (Figs. 4 and 6).—As the rest of the first 
hour elapses, alpha spindling (at the waking dom- 
inant frequency) gradually disappears, and slower 
components of the alpha band become more 
apparent. Thus the 10-12 c's activity characteristic 
of the waking alpha spindles of these subjects is 
gradually replaced by 8-9 c/s activity, the admixture 
of 10-12 c's frequencies becoming less and less, so 
that towards the end of this period activity in the 
occipital leads consists of a diffuse mixture of 
frequencies at 8 to 12 c's, with the slower com- 
ponents of this band gradually increasing in ampli- 
tude and amount. At the same time the faster 
components of the beta band disappear frontally, 
the residual 16 c,s activity increases in voltage, 
becomes more apparent in the temporal leads, and 
begins to be replaced by 14 c’s activity in both 
frontal and temporal areas. Also, in the latter 
regions, frequencies in the theta band (4-7 c/s) are 
increasingly represented, appearing first as random 
6 c/s waves and then as short runs lasting up to 
0-5 second. Similar changes occur in the pre- and 
post-central regions, although these tend to lag 
behind and to have a lower amplitude than the 
temporal areas. 

The subject is now definitely drowsy, and respira- 
tion is slower and deeper. He occasionally makes 


a slow spontaneous movement of one or other 
limb, and this is generally accompanied by a 
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Fic. 7.—Reversal phenomena during progressive barbiturate sedation (same subject as Fig. 6). 
FIG. 7A. 
followed by K complex and then a spontaneous movement (artefact at A), following which the processes of 
deepening sedation are re-established. 


Fic. 78.—Spontaneous arousal reaction late in Stage 3. 


transient reversal of the electrical changes in all 
leads, particularly posteriorly (Fig. 7b). He fails 
to respond to questions asked in an ordinary voice, 
grunts, yawns or makes an unintelligible reply to 
louder questions, and requires a stronger tactile or 
brighter visual stimulus than before to rouse him. 
However, he is still easily and quickly awakened by 
such stimuli, and this arousing is accompanied by 
well-defined reversal of the electrical changes in ail 
regions of the brain, this time most apparent in the 
fronto-temporal leads. Also, during this stage, 
stimuli produce trains of complex wave forms in all 
regions of the head (Fig. 7a) which resemble the 
““K-> complexes” identified in natural sleep by 
Loomis, Harvey, and Hobart (1938). 


Stage 4 (Figs. 4 and 6).—Over the next 30 minutes 
the outstanding feature is the rapidly increasing 
prominence of 14 c/s activity in all leads. This is 
always more marked in the fronto-temporal regions, 
where frequencies of 16 c/s or more have almost 
disappeared, but it is also increasingly apparent in 
the parietal and occipital leads. In the latter it 
first appears as low voltage activity superimposed 
on the méiange of slowed alpha activity which 
characterizes the beginning of this stage. Later, 
prominent 14 c/s waves appear in short bursts in the 
intervals between the developing spindles of slowed 


Induced arousal reaction in early part of Stage 


- Auditory stimulus (single loud handclap) at arrow, 


A is artefact due to the spontaneous movement. 


(8 to 9 c's) alpha activity, together with random 
5 or 6 c/s waves which appear towards the end of 
this stage. This 14 c/s activity builds up in the 
fronto-temporal leads to form spindles lasting 1-0 
to 1:5 seconds, with a maximum peak-to-peak 
amplitude of 50 to 60 microvolts ; in children it is 
higher, microvolts on 


even reaching 100 some 
occasions. 
The proportion of theta components in the 


temporal leads also steadily increases during this 
period, and short runs of 4 or 6 c/s activity, as well 
as many random waves in this band, are evident 
between the J4 c/s spindles. This theta develop- 
ment spreads out from the temporal regions into 
the frontal areas, then shows up in the pre- and 
post-central leads, and finally occupies a gradually 
increasing proportion of the spectrum displayed in 
the parietal and occipital leads. All the spindled 
14 c's and theta activity is bilaterally synchronous, 
while the random activity is mainiy so, but may be 
partly asynchronous in the two hemispheres. 
During this stage, the deepening drowsiness of 
Stage 3 seems to pass into light sleep, for now the 
subject is even more difficult to rouse, and respira- 
tion is still slower and deeper. Towards the end of 


Stage 3 isolated twitches or jumps of one limb or 
part of a limb may be seen, but these are no longer 
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apparent in Stage 4. Also, spontaneous organized 
movements are hardly seen during this latter period. 
The electroencephalogram shows more transient 
and less marked reversal phenomena on stimulation 
than before, even when quite strong stimuli are 
applied ; and although “‘ K complexes” can still 
be elicited, they are less and less developed as this 
stage is transversed. It is during this stage that 
dreaming and sleep talking appear to be most 
common in both normal and abnormal subjects : 
and in the latter quite elaborate phantasies may be 
expressed vocally. 


Stage 5 (Figs. 5 and 6).—In the frontal leads there 
is now little activity apparent except low voltage 
14 c/s activity, which occasionally slows to 12 c/s. 
In the temporal leads, as elsewhere in the brain, 
there is progressive flattening of all frequencies, 
including the 12 to 14 c/s activity, and the latter 
now fires almost continuously at low voltage with 
brief intervals occupied by 3 to 6 c/s waves. This 
slow activity is now increasingly represented in the 
posterior leads as well, and in the occipital leads it 
may become the dominant frequency at low voltage 
mixed with a residuum of slowed alpha components. 

This appears to be a period of steadily deepening 
sleep, marked by the complete inertness and relaxa- 
tion of the subject, with very slow stertorous 
respiration and snoring at times. There is outward 
divergence of the eyeballs, constriction of the 
pupils, and diminution of the tendon reflexes. The 
plantar reflexes are either sluggishly flexor or 
absent by now. 


Sleep continues to deepen throughout this stage, 
and the period of deepest sleep (reached in about 
120 to 150 minutes with protracted sedation) is 
characterized by a diminution in voltage of all 
frequencies everywhere except in the anterior 
temporal regions, where the most prominent feature 
is steady bilaterally synchronous discharge of theta 
activity, mainly at 4.c/s. The 12 to 14 c/s activity 
disappears as the 4 c/s activity becomes prominent ; 
while in the occipital leads 3 to 6 c/s activity appears 
superimposed on low voltage waves represented by 
slow oscillation of the base line with a period of 
0-5 to | sec. In very deep sleep some 2 to 3 c/s 
activity may appear in the temporal leads in addition 
to theta activity, but this is not common under the 
conditions described above. 


At this stage the patient responds only to very 
intense and repeated stimulation, and that very 
slowly and sluggishly. The mouth usually falls 
open, saliva dribbles from it, and the skin becomes 
flushed and warm and is often covered with a fine 
sweat. The pupils show marked constriction, and 
either do not react to light or else display hippus. 


B. D. WYKE 


The tendon reflexes disappear, as do the abdominal 
reflexes, and the plantar response is usually extensor, 
especially in children. 


Stage 6.—The spontaneous waking period occu- 
pies between 15 and 30 minutes, and the electro- 
encephalographic changes are essentially a reversal 
of those described during the onset of sleep, but 
with a more rapid time course. There is a gradual 
increase in voltage of all frequencies which begins 
in the temporal lobes and sweeps over the rest of 
the brain. At the same time the dominant frequency 
increases, more rapidly in the occipital lobes than 
elsewhere ; 14 c/s activity reappears and then dis- 
appears, being replaced in the frontal leads by the 
usual beta frequency band; and theta activity is 
quickly submerged in the reappearance of normal 
frequencies, first in the occipital leads and then in 
the temporal regions. 

The patient quickly regains consciousness as the 
14 c/s and the theta activity disappear in the 
temporal leads. He stirs, stretches, yawns or 
groans and flutters his eye-lids ; the pupils enlarge 
and the eyeballs roll about, while ‘the normal 
reflexes re-appear. By the time the normal domi- 
nant alpha frequency is re-established in the 
occipital leads he is fully awake, although some- 
what confused, and often he does not know, and 
sometimes strenuously denies, that he has been 
asleep. 

The occipital alpha rhythm may remain some- 
what unstable for about an hour after waking, and 
instability may last’even longer in the temporal 
regions. During this period the subject may be a 
little lightheaded and somewhat ataxic. He is 
usually very hungry, even if he had had a full meal 
shortly before beginning the experiment, and it has 
been found that oral administration of glucose 
rapidly relieves this feeling of hunger and dissipates 
the mild mental confusion and ataxia that follows 
waking. 

As yet there is no adequate series of blood sugar 
estimations available to permit correlation of these 
two observations, but it seems that ‘“* seconal” 
sedation may perhaps be followed by a mild hypo- 
glycaemia, such as occurs in normal sleep (Kleitman, 
1939) and after barbiturate anaesthesia (Sollmann, 
1948), although Tatum (1939) and Goodman and 
Gilman (1941) state that barbiturates in soporific 
doses produce no significant changes in blood sugar 
levels. 


Discussion 


The sequence of cerebral electrical changes 
described in this paper presents a close parallel to 
the stages identified in normal sleep by Loomis and 
Loomis, 


others (1937; 1938), Davis, Davis, 
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Harvey, and Hobart (1938), Blake and Gerard 
(1937), Blake and Kleitman (1939), although 
most of these workers used fewer electrodes on the 
head and so were restricted in their area analysis. 
Also, the clinical state of our narcotized subjects 
passes through all the phases characteristic of normal 
sleep as described by Kleitman (1939) and others, 
while the correlation between the clinical level of 
sleep and the cerebral electrical pattern is analogous 
to that described for normal sleep by these 
authors. However, under the conditions of the 
present examination, the subjects seldom pass 
into the very deep stages of sleep that may be 
attained by naturally sleeping individuals. 

All the stages A, B, C, D, and E of Davis and 
others (1938) may be identified-in the ‘* seconal ”’ 
records of both normal and abnormal subjects. Thus 
Stage | would correspond to the A period of these 
authors, and this passes into Stage 2, which resembles 
their “floating” period. Stage 3 corresponds 
more or less to period B. But although Davis 
claimed that this marked the “ onset of real sleep ”’, 
we find that subjects in Stage 3 are only drowsy, 
and show none of the muscular or reflex changes 
which seem to indicate ‘real sleep” (compare 
Kleitman, 1939). This may be associated with the 
fact that in period B of Davis’ classification the 
alpha rhythm is lost, whereas in our records the 
alpha rhythm is still identifiable until almost the 


.end of Stage 4 when sleep really seems to begin. 


Also, it is during Stage 4 that dreaming seems to 
be most common, and this is in accord with its 
other resemblances to period C of Davis and 
others (compare also Blake, 1939). The most 
marked resemblance however is the prominence 
of 14 c/s spindles at this stage, the emergence of 
which from the normal beta frequency band during 
the onset of natural sleep has been previously noted 
by Jasper and Andrews (1938). The later phases 
of Stage 4 and Stage 5 may be equated with periods 
D and E of the Davis classification, although, as 
stated, our subjects usually seemed to stop short 
of the deepest stages of natural sleep which may be 
seen in this period. Thus, from a chronological 
point of view, there appears to be a sufficiently close 
resemblance between the cyclical response to 
** seconal ”’ sedation and the devolution of normal 
sleep to suggest that the responsible mechanism is 
not vastly different in the two cases. Of special 
significance in this respect is the fact that the 
correlation between clinical state and brain potential 
pattern during “ seconal”’ sedation is practically 
the same as that described for natural sleep. This 
close correlation is also emphasized by comparison 
of “‘ seconal”’ records with tracings made during 
natural sleep in some of our own subjects. 
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Whether “ seconal ”’ sedation under these circum- 
stances merely increases the patient’s indifference 
to external stimuli to an extent which permits him 
to fall into natural sleep when placed in a suitable 
environment, or whether the barbiturate exerts 
some specific central action by which it initiates 
and controls the sleep process is at present uncertain. 
Our material provides results which suggest the 
latter as the more likely possibility, and the evidence 
bearing on this point will be presented in a subsequent 
communication. 


Summary 


A method for the induction of artificial sleep in 
human subjects, using “seconal sodium,” is 
described. 

The normal chronological sequence of the cyclical 
response to such sedation is analysed in terms of 
changes in cerebral electrical activity and clinical 
level of sleep. 

The similarity between natural sleep and artificial 
sleep induced in this manner is indicated. 


Thanks are due to Miss F. M. Taylor and Miss B. L. 
Thomas, B.Sc., for their cooperation in making these 
studies. 
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OBSERVATIONS ON DIAPHRAGMATIC MOVEMENT IN SOME 
NEUROLOGICAL DISORDERS 
BY 
P. K. ROBINSON, W. H. MOSBERG, Jnr., and R. C. W. LOWE 


From the Neurological Research Unit of the Medical Research Council, 
National Hospital, Queen Square, London 


The object of these investigations was to find out 
whether the movements of the diaphragm are 
affected in certain neurological disorders, and if 
possible the nature of these changes. The liter- 
ature contains various opinions about respiratory 
movements in neurological lesions but most of 
these statements have been concerned with chest 
movements. In this study the method described 
by Gilson (1949) for recording diaphragmatic 
movements was applied to patients with neuro- 
log*cal disease. 


Methods and Material 


The apparatus described by Gilson (1949) consisted 
of a tracking device attached to a fluoroscopic screen, 
which was connected by means of a Bowden cable to 
a pen writing on a revolving drum. Movement of the 
dome of the diaphragm as seen on the screen was 
recorded by hand, while at the same time a spirometer 
tracing was made. In our study the apparatus was 
modified by having two tracking devices so that the 
movements of the right and left domes of the diaphragm 
might be recorded simultaneously. In the study by 
Gilson and Wade (1950) and in our records corrections 
for exaggeration of the movement due to distance 
from the source of the ray were made. Since our 
recording pens differed somewhat from those employed 
by these observers, calibration and repeated correction 
were carried out. 


A length of corrugated respirator tubing was attached 
to each side of the upper chest in order to record chest 
expansion. Each piece was of sufficient length to 
encircle half the chest at the level of the sterno- 
manubrial junction. The anterior and the posterior 
ends of the tubes were joined by non-stretchable cord 
which was strapped to the skin in the midline over the 
sternum and spine. The ends of each tube were also 
Strapped to the chest and supported by cords over each 
shoulder. The tubing was sealed at one end and at 
the other communicated with a Palmer’s float recorder 
by means of pressure tubing. In this way five records 
were made synchronously on the same paper. 


The following routine was adopted : 

A period was spent in accustoming the patient to 
breathing into the spirometer. With the patient in 
position, unless otherwise stated, screening was done 
with the subject in the standing position facing the 
observer. The fluorescent screen was adjusted so that 
the central axis of the x rays was at the same horizontal 
level as the summit of the left dome of the diaphragm 
at its highest point during quiet respiration. The 
central axis was marked by a piece of piano-wire stretched 
across the middle of the back of the screen. The 
vertical distance was measured between the peaks of 
the two domes when they were at their highest point 
during quiet breathing. A record was then taken with 
each of the two observers following the movements 
of one dome of the diaphragm with the tracking device 
mentioned above. 

The following types of record were made in sequence 
with a third observer giving appropriate instructions 
to the subject : (a) quiet respiration ; (4) vital capacity 
(repeated at least once) ; (c) voluntary overbreathing * ; 
(d) involuntary overbreathing (produced by short- 
circuiting the soda-lime canister of the spirometer) * ; 
(e) interrupted deep inspiration and expiration. After 
a period of normal quiet respiration the subject was 
instructed to inspire deeply. Before inspiration was 
completed he was commanded suddenly to hold his 
breath ; then after a pause of approximately three 
seconds he was told to complete the inspiration. The 
subsequent expiration was stopped when the subject 
had expired as much air as he had inspired following 
the halt during inspiration. This point was easily 
determined from the spirometer tracing. Normal 
breathing was then resumed. Following a period of 
normal quiet respiration the reverse was done ; that is, 
the subject was instructed to carry out a forced expira- 
tion, and this was interrupted in a similar manner. 

The vertical diaphragmatic excursion as recorded 
on the tracings is given in millimetres in the tables. 
The figures for quiet breathing presented in the text 
are the average of ten such measurements, and those 
for vital capacity are in most cases obtained by measure- 
ment of one such breath. 


*Not done in all cases. 
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Tracings were obtained from 14 healthy males (aged 
25 to 35 years) for a control group. The abnormal 
cases ¢ were chosen to represent lesions at various 
sites within the nervous system, the nature of the under- 
lying pathology being a secondary consideration. There 
were 14 cases of hemiplegia, eight right-sided and six 
left-sided. The remaining cases included a variety of 
disorders, some unilateral such as Parkinson’s syndrome, 
and others bilateral, at various ‘‘ levels ’’ in the neuro- 
muscular system governing respiration. Unless other- 
wise stated, these patients were free from disease of 
the lung or pleura. 


+The following are the case numbers of the patients of the National 
Hospital, Queen Square, investigated in this series: 1363, 7529, 
21240, 7236, 21951, 16631, 2566, 2374, 21172, 17844, 23287, 22331, 
22069, 7720, 21451, 18338, 9175, 9174, 537, 18820, 2312, 20640, 
16621, 17590, 21373, 20643, 205, 8248, 104, 525, 2395, 11571, 17762, 
15914, 11052, 13427, 18077, 18078, 20069, 7712, 21191, 19497, 1921, 
461, 20278. 

Two patients from the Military Hospital for Head Injuries, Oxford, 
with case numbers 19544 and 9269 were examined, as well as four 
patients from the Star and Garter Home for Disabled Sailors and 
Soldiers, Richmond. 


Results 


Special attention is given to the cases with 
hemiplegia, myasthenia gravis, palatal myoclonus, 
phrenic palsy, and to lesions of the cervical spinal 
cord. 


Healthy Subjects.—Although this investigation 
was not intended as a study of the physiology of 
normal respiration, certain observations came to 
light in this control group which will be briefly 
presented. In all cases during normal breathing 
the diaphragmatic excursion on the left was greater 
than that on the right. In the tracings of vital 
capacity it was found that the difference between 
excursions of right and left diaphragm was reduced 
(Table I). 

A typical tracing in a healthy subject (Fig. 1) 
demonstrates the relative roles of chest musculature 
and diaphragm in respiration. Interrupted deep 


TABLE [I 


MOVEMENT OF THE DIAPHRAGM AND CHEST MUSCLES IN NORMAL CONTROL GROUP 





Quiet Breathing 
(Tidal Movement) 











Forced Breathing 
(Vital Capacity) 





















































Name Diaphragm Movement “Chest expansion Diaphragm Movement | Chest Expansion 
“Right Left Difference* Right | Left | Right | Left | Difference* | Right | Left 
a Te | ee ee ee ee ee > ee ee ee 
"McL | 19, 29. #++00 | 2 #2 | 54 | © | +6 | 2 | 25 
@G@ | w | wl 468 | #7] 8 : aa ep 
mM | t | aw | +a | — | — | ws | 83 SE. OL a Eee 
sp | a | wm | 43 : ) Se TT MT ae Oo ee ee 
Le | 18 | 2 | +10 See tS | ME GRRE ee ae 
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An 16 22  . — me eee ae ae ae ee 
Sa coe 17 19 +2 nak Tiana eis 73 a "os i" G erag any 
Average, 17 23 | +6 ‘i. 2 63 65 , i 2 21 





*The difference between the two sides is given as a positive or negative figure with reference to the figure for the right side. 


+The figures represent in millimetres the vertical range of movement of the diaphragm and the increase in circumference of the half chest. 
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(b) (c) (d) 


Fic. 1.—Record of spirometry and chest and diaphragmatic movements in a healthy subject showing : (a) Normal 
quiet respiration, (b) vital capacity, (c) interrupted deep inspiration, and (d) interrupted deep expiration. 
The arrows point in the direction taken by the pens during inspiration. 
The vertical line of each square represents 2,300 ml. on the spirometer tracing. 


inspirations and expirations revealed the move- 
ment of the diaphragm in successive phases of the 
respiratory cycle during forced respiration. The 
interruptions of the forced breath beginning with 
inspiration (Fig. lc) occurred at such a time that 
equal amounts of air had been inspired and expired 
immediately before and after the inspiratory limit. 
A study of the records shows that the extra air flow 
of forced inspiration appears to be accomplished 
mainly by costal movement, but during subsequent 
expiration movement of the diaphragm predomin- 
ates. A similar analysis of the forced breaths 
starting with expiration (Fig. 1d) shows that the 
expiratory phase appears to be accomplished mainly 
by diaphragmatic movement. At the onset of 
inspiration, following the expiratory limit, there was 
usually a similar preponderance of diaphragmatic 


over costal movement but the reverse was found in 
two of our normal controls. 


Hemiplegia.—The average figures for diaph- 
ragmatic excursion in quiet and forced breathing in 
Cases | to 14 are presented in Table II. The 
danger of inducing an epileptic fit made it inad- 
visable to obtain records of overbreathing in mavad 
of these subjects. 

Our finding that in normal subjects the left 
diaphragmatic excursion was consistently greater 
than that on the right modified any interpretation 
of disparity between the two sides in cases of 
hemiplegia. There was no significant difference 


between the records of patients with right hemi- 
plegia and those of healthy subjects in quiet 
breathing, but in the group of left hemiplegics 
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TABLE II 


MOVEMENT OF THE DIAPHRAGM AND CHEST MUSCLES IN HEMIPLEGIA 











Quiet Breathing | Forced Breathing 
} . Chest . | Chest 
Diaphragm | Diaphragm 
Case} Age Site of Nature of Movement | Expan- | Movement | Expan- 
No. (years) Pathology Pathology | | sion sion 








| | Rt. | Lift. Diirs| Re. [Lft. | Re. | Lf. |Diff.¢| Re. | Ltt 








Right Hemiplegia 














































































































1| 44 | Left frontal Grade If (Kernohan | 16t/ 24 | +8 | 5 | 9 | 28 | 35 | +7| 13/15 
| and oth:rs, 1949) | | 
astrocytoma | | | | | 
2 | 70 | Left fronto-temporal | Thrombosis | 16 | 26 +10 | | 2 | 23 | 40 +17 | § : 8 
— | emsd — =e =— 
¥ 3 | 73 | Left fronto-parieto | Thrombosis 21 | 33 |+12/ 2] 2 | 41 | 53 |+12 | 17 18 
| occipital | | | | | | 
4 41 | Brain stem Thrombosis 16 | 20 | +4/—| — | 24] 29 | +5) — | - 
5 | 18 | Left cerebral hemi- | Cortical _ thrombo- io] m | 421514 1/90] 2 I 7 | 20 | 16 
| sphere phlebitis | 
6) 61 | Left frontal Thrombosis 10) 14) +4) 1) 3 |41| 20 | +9] 10} 13 
| | Average /1s| 21 | +6/3 | 4 | 26| 33 | +7| 13) 14 
| | / Left. Hemiplegia 
j ——| ba Sa re ee ae REESE (anced 
9* 47 | Right posterior Grade III (Kernohan | 17 | 15 | —2| —| — | 29) 36 | +7| —|— 
| parietal and others, 1949) | | | 
| astrocytoma | | | 
| 10 | 31 | Right parietal Gunshot wound | 18 | 19 | +1 | —| — | 75] 69 | —6 | —|— 
1 | 36 | Right posterior | Gunshot wound 1 12 | -1 ; 1:5| 47 | 44 | —3 | 28 | 21 
parietal | | 
12} 25 | Right temporo- Gunshot wound '16| 24/+8! 4) 4 |54/ 60 | +6| 26 | 22 
| parietal 
| 13 | 50 | Rightfronto-parietal | Grade III(Kernohan | 25. 23. —2. —| — | 73. 63 —10| —| — 
and oth:rs, 1949) | } | 
| astrocytoma | | 
| 14| 16 | Rightfronto-parietal |? cortical venous | 13| 12 | —-1|/—/|— | 2) 31 +5!—|— 
thrombophlebitis | 
| Average _ | 17/175 405) 35) 2-5) 51 |50-5 |—O-5| 27 | 21-5 
| -_ ‘Infantile Hemiplegia 
7| 32 | Left cerebral hemi- | Infantile hemiplegia | 12; 18 | +6;|—}|} — | 38! 39 | +1)—|]— 
sphere | | | | 
8 | 35 | Left cerebral hemi- | Infantile hemiplegia | 13 16 +3 — — | 38 26 |-12|—|— 
| sphere | 








*Patient examined supine. 
+The figures represent in millimetres the vertical range of movement of the diaphragm and the increase in circumference of the half chest. 
tThe difference between the two sides is given as a positive or negative figure, with reference to the figure for the right side. 
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studied the average difference between left and right 
diaphragm movement during quiet breathing was 
less than in healthy subjects. Whereas in healthy 
subjects the disparity. in movement between the 
left and right diaphragm appeared to lessen markedly 
in the taking of a vital capacity, such was not the 
case in the hemiplegic subjects in this group. It 
may be seen from Table II that in the measurements 
of the diaphragmatic movement during forced 
respiration the disparity between the two sides of 
the diaphragm remained approximately the same 
as occurs in quiet breathing. From this it is clear 
that it is during forced breathing that diminished 
movement of the diaphragm is most likely to be 
apparent. The two cases of infantile hemiplegia 
did not significantly deviate from normal, and these 
results are given separately in Table II. The 
records obtained from the normal controls showed 
that the chest expansion was equal on both sides. 
The figures for hemiplegia indicate less movement 
of the paralysed side in both right and left hemi- 
plegia, during quiet and forced breathing (Fig. 2). 
The disparity was more apparent during the latter 
and was in agreement with clinical observation and 
palpation of the chest wall. 


Myasthenia Gravis.—In this group quiet breathing 
and vital capacity were recorded before and after 
an intravenous injection (1 mg.) of prostigmine and 
(1/100 gr.) atropine. Special records which would 
have permitted analysis of different phases of the 
respiratory cycle as were carried out in our normal 
controls were found to be beyond the capacity of 
this group of patients. Cases 16 to 18 (Table III) 
which had not had the thymus gland removed 
showed a degree of diaphragmatic movement which 
was smaller than the average healthy subject and 
which varied irregularly from breath to breath, 
but in the three cases (Cases 19 to 21) which had 
undergone thymectomy no such abnormalities 
were seen. After prostigmine the amplitude increased 
and the irregularity diminished (Fig. 3). Although 
diaphragmatic movement in tidal breathing and 
during the recording of a vital capacity showed very 
low values in these three non-thymectomized cases, 
it approached our normal values in the three patients 
who had undergone thymectomy. In two of the 
latter, nevertheless, there was an increase in these 
diaphragmatic movements after 1 mg. of prostig- 
mine intravenously. Case 16 was the only patient 
to make spontaneous complaint of dyspnoea and, 
before receiving a prostigmine injection, was unable 
to take a deep breath. 


Palatal Myoclonus.—Both of the cases studied in 
this group have been clinically reported. Case 22, 
reported by Wilson and Walshe (1950), had bilateral 
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(a) 

Fic. 2.—Records from two cases of hemiplegia in which 
diaphragmatic movement was diminished on the 
paralysed side. (a) Case 3, right hemiplegia ; 
(b) Case 9, left hemiplegia. The diminution of 
diaphragmatic movement may more easily be 
appreciated by comparing these records with Fig. 1. 

The arrows point in the direction taken by the 
pens during inspiration. 

The vertical line of each square represents 2,300 
ml. on the spirometer tracing. 


rhythmic myoclonus of palate, pharynx, and larynx 
(180 per minute); and Case 23, reported by Shy 
and Carmichael (1949), had unilateral rhythmic 
myoclonus of palate, pharynx, larynx, face, and 


arm. Neither of these cases exhibited myoclonus 
of the diaphragm and no abnormality of ‘the 
excursion was demonstrated. 
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TABLE III 
MOVEMENT OF THE DIAPHRAGM AND AIR EXCHANGE IN PATIENTS WITH MYASTHENIA GRAVIS 
Diaphragm Movement Air Exchange 
(mm.) | (ml.) 
Present —— —_—— —- 
_ Years Daily Quiet Breathing | Vital Capacity | Tidal Air | Vital Capacity 
Case Age | since Doseof —_ —-—— 
No. (years) Thymec- Prostig- Before After | Before After | 
tomy mine Prostig- Prostig- Prostig- | Prostig- | Before! After | Before | After 
(mg.) mine mine mine | mine Prostig- Prostig-'Prostig-'Prostig- 
mine | mine | mine | mine 
Right Left Right Left Right Left Right) Left | 
16 39 Not 300to360 5 6 7 7 |Unableto, 20 | 12 | 340 410 | 340 | 1160 
per- | perform | | | | 
formed | | 
17 | 41 | Not | 45 9/7. 8 15 |15 |15 |—|—| 430 | 550 | 1190 | — 
per- | a Soe 
formed | | 
18 2) Not 460 No measurements possible : record very irregular} | | 
per- | | | 
formed | | 
9 | 41 | 8 30 «| 14 «17 | 18 | 23. 37: 35: 50 | 49 | 950 | 1150 | 3250 | 3250 
20* | 35 8 18010210 29 28 «6 44 | 38 «| 67» «50-72: 58 | «840 | 960 | 1890 | 2390 
ani 3 4 300 14 15 17 | 13 | 53 | 59 | 54 | 52 700 700 | 3100 | 2800 
*Post-operative left sided pneumonia. 
TABLE IV 
MOVEMENT OF DIAPHRAGM IN LESIONS AFFECTING THE CERVICAL CORD 
Diaphragm Movement 
— : (mm.) 
ng Pin Clinical Evidence of Involvement ED 
ay iat Diagnosis of Cervical Cord Quiet Breathing Vital Capacity 
Right | Left | Right | Left 
24 44 Amyotrophic lateral Severe wasting and weakness of 8 11 17 20 
sclerosis shoulder girdles and upper arms 
25 27 Amyotrophic lateral Weakness of neck flexors and of 9 12 21 21 
sclerosis shoulder girdles with wasting 
26 46 Disseminated Weakness of right arm, para- 11 17 31 45 
sclerosis paresis, hypalgesia below left 
C3 segment 
27° 27 Syphilitic meningo- Profound flaccid weakness of both 3 8 , | 
myelitis arms; wasting of shoulder 
girdles ; hypalgesia and hypaes- 
thesia below right C2 and left 
C4 segments 
28t 26 Fracture dislocation Quadriplegia within 24 hours of 21 15 53 40 
of fifth cervical injury. Transverse spinal syn- 
vertebra drome C6 with spastic para- 
plegia 





*Examined sitting. +Examined supine. 
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Lesions of the Cervical Spinal Cord and Phrenic 
Nerve.—It was thought that cases with lesions in 
the neighbourhood of the fourth and fifth cervical 
segments might show evidence of partial paresis 
of the diaphragm on one or both sides according 
to the side most severely affected. Five such cases 
were studied (Table IV). The two cases of amyo- 
trophic lateral sclerosis (Cases 24 and 25) showed 
clinical evidence of bilateral involvement of the 
fifth cervical segment and probably of the fourth 
also. The diaphragmatic excursion, as measured 
from the records taken during quiet and forced 
breathing, showed values below the range of normal. 
This poverty of movement was particularly notice- 
able during an attempt to record the vital capacity, 
which was of itself much reduced. In the case of 
disseminated sclerosis affecting mainly the cervical 
enlargement (Case 26), although there was a pre- 
dominantly right-sided cord lesion, there was no 
clinical evidence of root involvement and, as might 
be expected, no diminution of diaphragmatic 
movement on the affected side. Having recovered 
from her most serious respiratory difficulties, the 
patient with syphilitic meningo-myelitis (Case 27) 
was examined in the sitting position. The record 
of her diaphragmatic movement showed its excursion 
to be very small indeed, and the right side was more 
severely affected, which was in keeping with the 
physical signs associated with the fifth segment. 
The physical signs in Case 28, paraplegic as a result 
of a fracture dislocation at C5, were more marked 
on the left side and the records (which were made 
with the patient lying supine) revealed more move- 
ment of the right diaphragm. Furthermore the 
movement of the left diaphragm in this case was 
less than that of any of the healthy controls. The 
patient with idiopathic phrenic palsy (Case 29) 
showed the well-known paradoxical movement 
of the paralysed dome associated with phrenic 
palsy and a graphic representation was easily 
obtained, the excursion on that side being less than 
normal and in the opposite direction (Fig. 4). 


Miscellaneous.—Five patients with Parkinson’s 
syndrome involving one side predominantly and 
causing tremor and very little increase in tone were 
examined. No poverty of movement was demon- 
strated and no tremor of the diaphragm on the side 
of the body affected by tremor. 

Three patients with traumatic paraplegia as the 
result of a lesion in the upper thoracic region (T3-T5) 
were examined in the supine position. The excursion 
of the diaphragm in quiet and deep breathing was 
within normal limits. 

Two cases of Huntington’s chorea exhibited 
grossly irregular respiratory rhythm and diaphragm 
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Fic. 3.—Records from two cases of myasthenia gravis. 


(a) Case 16. Patient had taken 50 mg. prostigmine by 
mouth two and one-half hours earlier. She had not under- 
gone thymectomy and the small irregular excursion of the 
diaphragm is noted in this record. She was unable to take 
a deep breath to record vital capacity. 
(b) Case 16 fifteen minutes after intravenous prostigmine. 
The diaphragm movements are more regular and greater 
in extent. 
(c) Case 22. Thymectomy performed four years previously. 
Normal quiet breathing, vital capacity, voluntary and in- 
voluntary overbreathing are recorded five hours after 30 mg. 
prostigmine by mouth. The excursion of the diaphragm is 
seen to be as regular as normal and of fair amplitude. 
(d) Case 22 ten minutes after intravenous prostigmine. 
The arrows point in the direction taken by the pens 
during inspiration. The vertical line of each square 


represents 2,300 ml. on the spirometer tracing. 
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Fic. 4.—Record from a case of right-sided idiopathic 
phrenic palsy showing paradoxical diaphragmatic 
movement and diminished diaphragmatic excursion 
on the affected side. 

The arrows point in the direction which should 
normally be taken by the pens during inspiration. 

The vertical line of each square represents 2,300 
ml. on the spirometer tracing. 


movement. Involuntary movements interrupted 
any attempt at overbreathing and the response to 
a request to take a deep breath was often postponed 
for several breaths for the same reason. 

No marked abnormality of diaphragmatic move- 
ment was found in any of the six cases of myopathy 
which were screened, although they all suffered 


from marked wasting of girdle, limb, and trunk 
muscles. 

A woman with myotonia congenita showed no 
respiratory abnormality and no satisfactory record 
of delayed relaxation of the diaphragm to command 
was obtained during forced breathing. 

The one case of progressive lenticular degeneration 
which was seen showed no involvement of the 
diaphragm in any involuntary movements although 
there was a marked unilateral tremor at rest. 

A young man with spasmodic torticollis and 
writer’s cramp exhibited no irregular involuntary 
movement of the respiratory muscles. 

A woman suffering from severe dystonia 
musculorum deformans with accentuation of her 
symptoms and signs on the right side was examined 
in the lying position. The respiratory rhythm was 
wildly irregular but no asymmetry was found 
between right and left halves of the diaphragm. 

Three patients with idiopathic hypoparathyroid- 
ism showed no abnormality. 


Discussion 


From the observations recorded above it may be 
seen that certain of the neurological disorders 
investigated did affect diaphragmatic movement 
and others did not. The method used in this study 
for recording expansion of each half of the chest 
was adequate to show the relative parts played by 
chest and diaphragm in certain kinds of breathing, 
and, in general, whether the costal muscles were 
affected as much as the diaphragm in any particular 
disorder. It is clear that an abnormality of the 
diaphragm alone may not be a true indication of the 
condition of the respiratory muscles as a whole. 
This has been found in myopathy, and Bergmark 
(1914) also claimed that he had observed cases of 
hemiplegia in which the diaphragm moved less 
on the paralysed side but the costal muscles moved 
equally well on either side. 


Healthy Subjects——Our measurements of dia- 
phragmatic movement are in agreement with those 
of previous investigators (Table V). 

Although dissection may show the right diaphragm 
to be “‘ larger and more powerful ’’, as Dally (1908) 
states, we cannot agree with his statement that 
the difference in range of movements between the 
two sides of the diaphragm (if it exists) is in favour 
of the right half. We have found it to be invariably 
in favour of the left side. Since we had two observers 


_ working simultaneously, we felt that it was necessary 


to verify this finding. Our observations have been 
repeated therefore with observers and tracking 
devices changed to opposite sides in turn and 
measurements made of each side separately. Our 
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TABLE V 
MEASUREMENTS OF DIAPHRAGMATIC MOVEMENT IN HEALTHY INDIVIDUALS GIVEN BY VARIOUS AUTHORS 





Diaphragm Movement 




















(mm.) 
Authors oa Q uiet Breathing Vital Breathing a, 
Right Left | Right | Left 
Dally(1903).. ww wet] (itidSCSd 12:5 | 23 | 66 
(average) (average) | (average) | (average) 
Dally (1908)... w. weed 12 | 34 | 32 


Robinson, Mo:berg, and Lowe (1950) 
(average 17) 


Hitzenberger (1927) i se oP up to 25 


Shanks, Kerley, and Twining (1938) .. 


about 19 


from 19 to 29 
(average 23) | 


from 37 to 80 
(average 63) | 


from 37 to 86 
(average 65) 





up to 90 





up to 76 





results remain unchanged ; and we suggest that the 
difference between the two sides is due to the fact 
that the downward movement of the diaphragm on 
the right side is limited by the liver, whereas the gas 
bubble in the stomach under the left leaf of the 
diaphragm offers less resistance. 

Our observations of the relative role of chest and 
diaphragm in various phases of respiration support 
the theoretical deductions concerning diaphragmatic 
movement made by Herxheimer (1949) from his 
records of costal movement. Herxheimer stated 
also that an increased reserve air indicated a low 
level diaphragm of good mobility, and two of our 
records show this. 

The elevation of the diaphragm during inspiration, 
caused by the action of the lower ribs, which was 
shown in the records made by Gilson and Wade 
(1950) was seen in one of our cases. 


Hemiplegia.—Bergmark (1914) by radiological 
methods which he does not specify claimed that in 
seven of his eight cases of residual hemiplegia the 
movement of the diaphragm on the paralysed side 
was less. Five of the cases had right-sided paresis 
and three were left-sided. Hitzenberger (1927) 
maintains that x-ray examination reveals no 
deviation of diaphragmatic movement from normal 
in cases of hemiplegia. All the cases described in 
this series had chronic spastic hemiplegia. Our 
findings agree most closely with those of Bergmark, 
as we consider the diaphragm moves less on the 
paralysed side in forced breathing. The disparity 
during quiet breathing is modified by the pre- 
ponderance of the left dome in normal subjects and 
it would appear that previous writers have paid 
insufficient attention to this normal inequality. 
There was no clear correlation between the findings 


er 


and the site of the pathological process or the extent 
of the neurological deficit. 

Numerous writers (Ross, 1881 ; Grawitz, 1894; 
Jackson, 1895; Oppenheim, 1898; Mills, 1898; 
West, 1912; Kolb and Kleyntjens, 1937) have 
studied chest movements in cases of hemiplegia and 
arrived at varying conclusions. It is suggested that 
the costal muscles move less on the hemiplegic 
side, this being more evident in deep breathing. 
This agrees with the findings of Kolb and Kleyntjens 
in chronic spastic hemiplegia. They stated that 
in this disorder involuntary hyperpnoea induced 
by inhalation of carbon dioxide produced more 
movement on the paralysed side. In the present 
series the records obtained after eliminating the 
soda-lime canister from the circuit did not confirm 
this. 


Myasthenia Gravis.—Our findings support those 
expressed by Laszlo and Redlich (1942) who made 
spirometric studies and took films in quiet and 
forced inspiration and expiration in five myasthenic 
patients. Two of these suffered from suffocative 
attacks in which the vital capacity could not be 
measured. A prompt rise in the vital capacity of 
their patients after prostigmine injection was found 
by these workers. It is clear that measurement of 
the vital capacity may be a useful guide to the severity 
of the condition. On the other hand, although 
those cases whose myasthenia mainly affects the 
respiratory muscles are benefited a great deal by 
prostigmine (Cases 16 and 20), some patients with 
myasthenia will show no great abnormality in the 
excursion of the diaphragm or the air exchange 
(Case 19) and yet be incapacitated by severe weak- 
ness of the limbs. We consider that the irregularity 


of the diaphragmatic movements, observed in the 
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patients who had not had thymectomy, was 
significant. | Unfortunately we were unable to 
examine a patient before and after operation, but 
as this phenomenon was not observed in any of the 
patients who had had their thymus gland removed, 
it would appear to be relevant. It suggests that 
thymectomy has some beneficial effect on muscle 
action, and in this case on the diaphragm. This 
Suggestion receives some support from Keynes’ 
statement (1949) that 65°, of his series ‘‘ have shown 
a complete or almost complete remission of 
symptoms ” after thymectomy. 


Palatal Myoclonus.—Diaphragmatic involvement 
in this condition has been recorded in the literature. 
Guillain and Mollaret (1931) reported two cases 
in which it was demonstrated. by fluoroscopic 
examination. They point out the necessity for 
repeated examination of the diaphragm in order 
to find these myoclonic movements and they stress 
the value of close scrutiny during expiratory apnoea. 
Riley and Brock (1933) in their review of the 
literature found seven reports of diaphragmatic 
myoclonus in 43 cases with myoclonus of the 
palate, pharynx, and larynx. They appreciated 
that the diaphragm may not have been examined 
in many patients, but the few cases found in the 
literature since 1933 do not appear to make involve- 
ment of the diaphragm a common finding in 
lesions of the central tegmental tract or dentate 
nucleus. 


Lesions of the Cervical Spinal Cord and Phrenic 
Nerve.—Four of the five cases with clinical evidence 
of degrees of damage to the cervical spinal cord 
were found to have various degrees of diaphragmatic 
palsy (Table IV). It is considered that this method 
demonstrates a degree of diaphragmatic paresis 
not suggested clinically nor readily discernible on 
direct observation of the x-ray screen. This may 
have diagnostic significance and, after repetition, 
it may acquire prognostic value in such disorders 
as tumour, amyotrophic lateral sclerosis, and the 
like. Abnormally low vital capacities were found 
in these patients. This is of considerable impor- 
tance when considering the patient’s capabilities 
and also serves as a _ reminder that such 
subjects must take special care in avoiding chest 
infection. 


Myopathy.—Our failure to note any marked 
abnormality of diaphragmatic movement in six 
cases of myopathy is in agreement with the observa- 
tions of Sekiya (1940) who stated that in “ myo- 
pathic muscle atrophy the diaphragm is involved 
late compared with the ribs”, and Hagemann 
(1937) who recorded free diaphragmatic move- 


ment in a child with a very severe muscular dys- 
trophy. 


Disorders of the Basal Ganglia.—In this group of 
cases, which caused predominantly one-sided involve- 
ment of the limbs and disturbed respiratory rhythm, 
there was observed no unilateral irregular move- 
ments or tremor of the diaphragm. 


Summary 


A method of continuous recording is described 
by means of which a permanent graph may be 
obtained, representing the simultaneous movement 
of both leaves of the diaphragm. Groups of 
patients with different neurological disorders were 
examined and the findings presented. 

A control group of 14 normal males between 
25 and 35 years was also investigated. The excursion 
of the right dome of the diaphragm was found to be 
constantly less than the left during quiet breathing. 
This difference was reduced during forced breathing. 

Fourteen cases of chronic hemiplegia (eight 
right-sided and six left-sided) were examined. There 
was no significant difference between the records 
of patients with right hemiplegia and those of 
normal subjects in quiet breathing. In left hemi- 
plegia during quiet respiration the left diaphragm 
appeared to move less, compared with the right, than 
in normal subjects. During forced breathing, 
however, there was a clear tendency towards 
diminished movement on the paralysed side. 

Six cases of myasthenia gravis were examined. 
The vital capacity may be a useful guide to the 
severity of the condition and the response to 
prostigmine of value in prognosis. It is suggested 
that thymectomy has a beneficial effect on the 
diaphragm as part of a generalized muscle improve- 
ment. 

The findings in cases of palatal myoclonus, 
lesions of the cervical spinal cord and phrenic 
nerve, Huntington’s chorea, myopathy, and certain 
other neurological disorders are briefly described. 
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FAMILIAL ATAXIA, DEAF-MUTISM, AND MUSCULAR WASTING 


BY 


W. B. MATTHEWS 


From the University Department of Neurology at the Manchester Royal Infirmary 


The hereditary disorders of the nervous system 
are classically presented in eponymous compart- 
ments, but it has long been apparent that strict 
subdivision is difficult to maintain. The affected 
members of the family reported here presented, in 
the fully developed syndrome, signs of cerebellar 
dysfunction, affection of the posterior and lateral 
columns of the spinal cord, deaf-mutism, and 
selective muscular wasting. The distribution of 
the affected members can be seen from the accom- 
panying pedigree. 


Case Reports 


11.3 (No. 130551), a joiner’s assistant, aged 39, was 
admitted to the Manchester Royal Infirmary under the 
care of Dr. F. R. Ferguson in September, 1949, and was 
the member of the family examined in greatest detail. 
The history of his disease was compiled from the patient 
and from other members of his family. He was the 
third child and was thought to have been normal at 
birth. He was backward in learning to speak, but it was 
not until the age of 5 that his parents noticed that he 
was deaf. It is now impossible to discover whether he 
was born deaf, but in view of his comparatively well 
articulated speech in adult life it seems unlikely, How- 
ever from early childhood he was, for practical purposes, 
completely deaf, and attended a special school where he 
learnt to lip-read. 

The onset of further symptoms was variously dated 
by the patient and his family, but one of his brothers 
thought that at about the age of 15 the patient’s walking 
became unsteady and slowly deteriorated. The patient 
denied any such symptoms until the age of 35 when his 
legs rapidly became weak “above the knees’. This 
weakness progressed so that for 10 months before 
admission he had been unable to work. 

He first attended hospital in September, 1948, with 
synovitis of the right knee, and at that time wasting of 
the quadriceps was noted. He continued to attend the 
orthopaedic clinic, and eventually fasciculation was seen 
in the wasted quadriceps and he was referred for neuro- 
logical opinion. 

He was a pleasant and cooperative patient who could 
lip-read with some skill and was adept at understanding 
gesture. There was no obvious defect of intelligence 
and he was emotionally stable. His speech was 
monotonous in pitch and accompanied by sibilant ex- 
piratory sounds, but was seldom unintelligible. 


On physical examination no abnormality could be 
found in the heart, lungs, or abdomen. The blood 
pressure was 140/80 mm. Hg. There was no scoliosis, 
and no deformity of the feet. 

The sense of smell was intact. 

The optic fundi were normal and the acuity was 6/6 
and Jl in both eyes. The visual fields were full. The 
ocular movements were normal and there was no 
nystagmus. The pupils were regular and equal with 
normal reflex activity. 

There was no impairment of sensation over the face. 
The temporal fossae appeared unduly hollow, but there 
was no detectable weakness of the masticatory muscles. 
The jaw-jerk was brisk. There was no facial weakness, 
and the palate and tongue moved normally. 

For practical purposes he was completely deaf. More 
exact testing (Dr. Purcer Smith) showed gross bilateral 
nerve deafness, with some residual hearing above 512 
cycles, and a little residue below this pitch at 10-20 
decibels. The ear-drums were normal. There was full 
vestibular response to rotation, but moderate reduction 
of response to caloric stimulation on the left side 
only. 

There was evident muscular wasting in all limbs (Fig. 1). 
In the arms the wasting was slight and peripheral in 
distribution, being most marked in the hands, but in the 
legs the weakness and wasting were maximal above the 
knees, particularly in the quadriceps muscles. The 
calves were abnormally thin and the power of the tibialis 
anterior was reduced on both sides, but there was no 
detectable weakness of the peronei or gastrocnemii. 
The selective distribution of the wasting may be seen 
from the following measurements : 

R. ® 

Maximum circumference of calves 31cm. 31:5 cm. 

Circumference of thighs 10 cm. 

above upper border of patella 29-5 cm. 30 cm. 

When first seen one of the most striking features of his 
condition was the pronounced fasciculation of the wasted 
muscles of the thighs, but this became less obvious on 
subsequent examinations, and appeared to be of the 
nature of “ contraction fasciculation”’ as it was never 
seen in fully relaxed muscles. When present it consisted 
of rapid, fine, flickering contractions evenly distributed 
throughout the affected muscle. All muscles responded 
to faradism. 

The tendon reflexes in the arms were uniformly 
exaggerated, but Hoffman’s sign could not be elicited. 
The knee jerks were diminished and the ankle jerks 
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Fic. 1.—Distribution of muscular wasting in Case II.3. 


absent. The abdominal reflexes were 
present, but both plantar reflexes were 
extensor. 

Sensation was intact except in the legs. 
Postural sense was impaired in the toes 
of both feet, and vibration sense was 
absent in the left foot. There was no 
impairment of cutaneous sensation. 

There was marked cerebellar ataxia in 
all limbs. Alternating movements were 
poorly performed, and his writing was 
shaky and uncertain. His gait was slow, 
but he was less incapacitated than might 
have been supposed. The feet were set 
down wider apart than normal, and at 
each step the heel caught the ground as 
the advancing leg passed the horizontal. 
The foot was then swung clear of the 
ground again and brought down with 
abnormal force. This unusual gait 
appeared to be due in part to his lack of 
confidence in the power of the quadri- 
ceps to support his weight with the knee 
even slightly flexed. 

Further investigation did not add 
anything of importance. There was no 
anaemia and the leucocyte count was 
normal. The cerebrospinal fluid con- 
tained | lymphocyte per c.mm. and 40 
mg. of protein per 100 ml. The Wasser- 
mann reaction was negative in blood 
and cerebrospinal fluid. The electro- 
cardiograph was within normal limits. 
A 24-hour specimen of urine contained 
no creatine and 1-4 g. of 
creatinine. Radiographs of 
the spine and skull were 
normal. 


1.1, the father of II.3, aged 
69, had been healthy until in- 
capacitated by silicosis. He 
was examined, and apart from 
his respiratory condition, no 
abnormality was found. In 
particular his hearing was 
normal, and there was no 
ataxia or muscular wasting. 
He stated that his three 
brothers and two sisters had 
been similarly normal, and 
that his parents had been 
healthy, his mother having 
recently died at the age of 100. 


1.2, the mother of II.3, aged 
71, had been healthy apart 
from an abscess behind the 
left eye at the age of 30 which 
had left her with a “ small 
eye’. On examination there 
was ptosis of the left upper eye- 
lid, but no other abnormality 
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of the nervous system could be found, except that 
both ankle jerks were somewhat sluggish. Hearing 
was normal and there was no muscular wasting. She 
stated that her parents and four sisters had been 
healthy. She was not related to her husband. 


II.1, the eldest child of I.1 and 1.2, a man of 44, was 
examined and found to be normal. 


11.2, a man aged 42, had never learnt to speak intelli- 
gibly and had probably been deaf from birth. Soon 
after leaving school his gait was noticed to be slow and 
unsteady, but he was not seriously affected until the age 
of 33 when his disabilities began to be incapacitating, 
and since that time he had steadily deteriorated. 

He was much less skilled at lip-reading than II.3, and 
his speech was more severely affected, being, in fact, 
unintelligible. The optic fundi were normal, and there 
was no nystagmus. He was severely deaf, but this was 
not analysed in detail. The ear-drums were normal. 

There was severe wasting of the intrinsic muscles of 
the hands and of the lower halves of the forearms, and, 
in addition, some weakness of the proximal muscles of 
the arms without obvious wasting. The quadriceps 
muscles were profoundly wasted, particularly in the 
lower two-thirds. The calves were abnormally thin but 
were not so severely affected as the muscles above the 
knees. No fasciculation was seen. The tendon reflexes 
in the arms were uniformly exaggerated; the knee 
jerks were diminished and the ankle jerks absent. The 
abdominal reflexes were present and both plantar 
reflexes were extensor. There was no intention tremor 
of the arms, but alternating movements were poorly 
performed. There was gross incoordination of the legs. 
His gait was similar to that of JI.3, but more ataxic. 
Vibration sense and sense of passive movement were 
impaired in both feet. 


II.4, a woman aged 36, and II.5, a man aged 34, were 
examined and found to be normal. 
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11.6, a man aged 32, had been healthy until the age of 
15, when, following an attack of otorrhoea, he was found 
to have perforated ear-drums, and since that time he 
had been moderately deaf. Apart from his deafness 
he was thought to be normal, and examination had, 
therefore, to be unduly rapid, as it was not thought 
desirable to draw attention to the abnormalities dis- 
covered. He was found to have a moderately severe 
conductive deafness, and both ear-drums were scarred 
and opaque. Speech was normal, and no other ab- 
normality could be discovered in the cranial nerves. 
However, there was evident wasting of the thenar 
muscles and marked wasting of the quadriceps, but 
apparently none below the knees. The tendon reflexes 
in the arms were increased, the knee jerks diminished, 
and the ankle jerks absent. Both plantar reflexes were 
extensor. No incoordination or sensory loss could be 
demonstrated. 


11.7, a man aged 30, had been deaf from birth and had 
never spoken intelligibly, but was otherwise thought to 
be normal. On examination he was severely deaf and 
the ear-drums were normal. His speech was unintellig- 
ible, but no other abnormality could be discovered in 
the cranial nerves. There was no wasting in the arms 
or calves, but there was distinct wasting of both quadri- 
ceps. The tendon reflexes were brisk in the arms, the 
knee jerks were diminished and the ankle jerks absent. 
Both plantars were extensor. There was no _ inco- 
ordination or sensory loss. 

III.1, a man, aged 20, the eldest child of 11.1, was not 
examined, but was stated to be normal. 

III. 2, 3, and 4, daughters of II.1, aged 18, 15, and 13, 
were examined and found to be normal. 

II1.5, a boy, aged 12, the elder child of II.3, was not 
examined but was stated to be normal. 


111.6, a boy, aged 7, the second child of 11.3, was 
examined and found to be normal. 
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a = Deaf-mute, with signs of spinal cord affection and muscular wasting. 
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Spinal cord affection, muscular wasting and exogenous deafness. 


Fic. 2.—Pedigree of affected family. 
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Discussion 


The four affected members (Fig. 2) of this family 
present the features of a familial disorder reminiscent 
of Friedreich’s ataxia, without pes cavus or scoliosis, 
but with the addition of deaf-mutism in three and 
of selective muscular wasting in all. 
of acquired deafness in the fourth case is interesting 
but probably only coincidental, as no clear pre- 
disposition to exogenous deafness can be demon- 
strated in those with a hereditary taint of deaf- 
mutism (Lindenov, 1945). 

Hammerschlag (1932) drew a rather laborious 
parallel tetween the Japanese waltzing mouse, 
which suffers from hereditary deafness, albinism, 
ocular defects and ataxia, and the human deaf- 
mute. He postulated a heredopathia acoustico- 
optico-cerebro-spinalis, the factors being trans- 
mitted by linked recessive genes. The association 
between deaf-mutism and retinitis pigmentosa is 
well attested (Bell, 1922), and mental deficiency 
probably occurs more frequently than in the general 
population. Hammerschlag was, however, only 
able to describe two cases of ataxia associated with 
hearing defect. In one, ataxia of the Friedreich 
type was combined with deaf-mutism, partial 
- albinism, mental deficiency, and a variety of 
developmental defects. The second case presented 
a combination of retinitis pigmentosa, nerve 
deafness of comparatively late onset, and an ataxic 
gait. No detailed examination of the nervous 
system was recorded. 

The hypothesis of a linked inheritance of deaf- 
mutism and ataxia receives little support from a 
study of the literature of Friedreich’s ataxia, as, 
despite the great variety of neural and extra-neural 
anomalies found sporadically in this condition, 
deafness is uncommon, and deaf-mutism extremely 
rare. Thomas and Roux (1901) reported a case 
of ataxia of unusual type combined with deafness, 
the auditory condition not being described in detail, 
and Variot and Bonniot (1907) described a girl 
with cerebellar ataxia and progressive nerve deaf- 
ness beginning at the age of ten. In neither of 
these cases was there any apparent hereditary 
factor, but Koennecke (1919) reported a brother 
and sister with progressive nerve deafness from an 
early age combined with Friedreich’s ataxia and 
generalized muscular atrophy. Clauss (1924) de- 
scribed a case of ataxia of the Marie type with 
retinitis pigmentosa and a moderate degree of nerve 
deafness. 

Muscular wasting has frequently been described 
in Friedreich’s ataxia. In many of the reports 
(for example, those of Rook and Dana, 1890; 
Whyte, 1898) the wasting has not been selective 
but an atrophy of the limb musculature late in the 


The existence . 


disease and possibly due to disuse. However, a 
great variety of more distinct forms has been 
described, ranging from wasting of the intrinsic 
hand muscles (Hodge, 1897) to extensive myopathy 
with pseudohypertrophy (Spiller, 1910). Spiller’s 
case came to necropsy, and it was clearly shown that 
both neurogenic and myopathic atrophy occurred 
in the same patient. The precise form of atrophy 
present in the family reported here does not appear 
to have been described in association with ataxia. 
Although there are some similarities with peroneal 
muscular atrophy, there can be no doubt that the 
wasting first developed above the knees, and that 
the main disability was due to the consequent 
instability of the knee joints, and not to weakness 
round the ankle joints, as in the classical condition. 

The association between Friedreich’s ataxia and 
peroneal muscular atrophy is of particular impor- 
tance with regard to the general question of the 
inheritance of disease of the nervous system. The 
coexistence of the two conditions in the same 
patient has been described by Greenfield (1912), 
and Fearnsides (1912), and Spillane (1940) reported 
a family in which there was one case of Friedreich’s 
ataxia and three of peroneal muscular atrophy, as 
well as many of the syndrome of pes cavus and 
absent ankle jerks, which might be regarded as 
abortive cases of either condition. Roth (1948) 
recently described two families in which the two 
conditions coexisted, and discussed the mode of 
inheritance. He concluded that the gene conveying 
the combined syndrome was probably distinct from 
those transmitting the individual diseases. The 
inheritance in the present family might be explained 
by the existence of two or three recessive genes, three 
siblings being homozygous for ataxia, muscular 
wasting, and deaf-mutism, and the fourth for the 
two former only. It is statistically much more 
probable that a single recessive gene transmitted 
all three conditions, with lack of penetrance for 
deaf-mutism in one case. The exact probability 
cannot be stated as the factor for lack of penetrance 
cannot be determined on so small a pedigree. 

In spite of great variety in detail the hereditary 
diseases of the nervous system tend to be curiously 
stereotyped in general outline, and the more aberrant 
forms can often be interpreted as combinations of 
well recognized syndromes. It is also known that 
clinical syndromes distinguishable only by time of 
onset may be transmitted by different genes, or at 
least by differently situated genes. Thus, for 


example, peroneal muscular atrophy is known in 
dominant, recessive, and sex-linked forms (Bell, 
1935), which must imply that this condition may be 
transmitted by a gene either on the x-chromosome 
In view of the structural 


or on an autosome. 
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complexity of the nervous system the comparatively 
restricted range of manifestations of hereditary 
disease is surprising. The coexistence of two or 
more of these manifestations in the same pedigree 
is well-known, and has given rise to the conception 
of a “‘ neuropathic heredity ” on a rather ill defined 
genetic basis. The pedigree of Friedreich’s ataxia 
reported by Franceschetti and Klein (1941) is of 
interest here. In one offshoot the ataxia was 
apparently replaced by labyrinthine hardness of 
hearing, and in another by retinitis pigmentosa. 
These two conditions were regarded as “* equivalent ” 
to Friedreich’s ataxia, and transmitted by the same 
gene. The means by which the genes exert their 
profound influence on the soma are largely un- 
known, but must be fundamentally biochemical. 
A neuropathic heredity might be explained by a 
very limited range of genetically influenced meta- 
bolic aberrations. The clinical results of such 
aberrations would in part depend on the stage at 
which the developing nervous system was exposed, 
which, in turn, might well be modified by the 
influence of the total genetic structure on the 
abnormal gene. Any such explanation must 
remain entirely speculative, as the nature of the 
genetically determined lesion that can produce, 
often after a long latent period, degeneration of 
formerly normally functioning neurones, remains 
quite obscure. 
Summary 


A family is reported in which four members of a 


sibship of seven developed a condition similar to 
Friedreich’s ataxia accompanied by muscular wasting 


of unusual distribution. 
members were deaf-mutes. 

The literature is reviewed and some speculations 
offered on the mode of inheritance. 


Three of the affected 


I am indebted to Dr. Fergus R. Ferguson for permission 
to report on Case II.3, and to Dr. C. R. W. Gray for 
permission to examine other members of the family : 
to Dr. H. C. Purcer Smith for his report on the aural 
condition of Case II.3; and to Dr. M. D. Milne for 
advice on statistics. 
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THE NAILBED CAPILLARIES IN DISSEMINATED SCLEROSIS 


BY 


J. H. D. MILLAR and D. G. F. HARRIMAN 
From the Department of Neurology, Royal Victoria Hospital, Belfast 


The object of this investigation was to compare 
the shape of the capillaries of the nailbed in 31 
cases of disseminated sclerosis with those of 34 
controls. 

Gomirato (1939), reported that an abnormality 
was present in 80°, of 12 cases of disseminated 
sclerosis in the capillaries of the nailbed. These 
abnormalities consisted of dilatation, tortuosity, 
and spiral formation of the loops. Chiavacci and 
Putnam (1949), studied 48 patients and nine controls 
and stated that almost all of the 48 cases of dis- 
seminated sclerosis showed an abnormality, but 
that this abnormality did not correspond with the 
severity of the patient’s clinical picture. They 
stressed thickening of the intermediate portion of 
the loop, spasticity and narrowness, usually on the 
arterial side, and sluggishness or absence of circula- 
tion in the capillary loops. 

It seemed important, therefore, to substantiate 
these claims in view of the conflicting evidence in 
the literature concerning the possibility of an under- 
Jying vascular factor in the aetiology of the disease 
(Putnam, 1937; Dow and Berglund, 1942). 

Krogh (1922) and Callander (1925), among many, 
have emphasized the variation in number, shape, 
and size of the nailbed capillaries in healthy persons 
and stated how difficult it would be to draw any 
conclusions concerning alterations in pattern in 
disease. The number of loops seen at one time 
depends on the blood flow through the hand, and 


this varies considerably under standard conditions 
(Cooper, Cross, Greenfield, Hamilton, and Scar- 
borough, 1949). For example, the capillaries may 
disappear from view owing, possibly, to a shunt 
at the glomus. The rate of flow probably depends 
to some extent on the degree of this shunt so that 
no comparisons can be made on the number of 
capillaries or the rate of flow seen at any one time. 

Crawford and Rosenberger (1926) studied the 
nailbed capillaries of eight normal individuals by 
means of cinematography over a period of days. 
Changes took place from moment to moment and 
from day to day. These changes were relatively 
small compared with the total breadth of the arterial 
or venous limbs which remained approximately the 
same from day to day. From these findings it is 
therefore justifiable to draw conclusions only from 
the shape and size of the loops and not from the 
rate of flow. Also one observation is sufficient 
if made under uniform conditions. 


Method 


The patients and controls were examined under room 
conditions, seated comfortably in a chair. The control 
group consisted of healthy laboratory assistants, nurses, 
medical students, and young doctors. The fingers of 
both hands, most often the ring finger, were examined 
with a Zeiss skin and capillary microscope (Type 4) ; 
four or five photographs were taken in each case. 
Negatives were taken on standard orthochromatic film, 


TABLE 
DISTRIBUTION OF CAPILLARY LOOP PATTERNS IN THE TWO SERIES 
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Fic. 1.—Samples of the photographs obtained in both 
series to emphasize the variability of the patterns. 


without a filter; the picture size was 11} in. 
Standard magnification was employed in enlargement 
on to the paper available giving the greatest contrast. 
None of the photographs are retouched. Direct 
photography was held to be more satisfactory than 
camera lucida drawings. 


Results 


As the normal pattern was not familiar to us, it 
was decided to start with an examination of the 
controls, and later proceed to the established cases 


of disseminated sclerosis. As the controls were 
examined it became increasingly apparent that there 
were wide variations in shape and size of the 
capillaries ; some had thickened limbs, others were 
spirally formed, and in many cases there was a lack 
of uniformity in the appearance of the capillaries, 
even in the same nailbed. In the middle stages of 
the investigation controls and patients were fre- 
quently examined in sequence. Direct comparisons 
were therefore possible and we gained the impression 
that there was no difference between disseminated 
sclerosis cases and controls. To obviate prejudice 
however, all the photographs, both of patients and 
controls, were shown to several neutral observers, 
without indicating to them which were patients and 
which controls. The photographs were examined 
by sorting into similar shapes and sizes, but no one 
could find any significant pattern for the patients. 
All observers were struck by the variations (Fig. 1) 
in shape and size which occurred in the capillaries 
of both series. 

An arbitrary division into five groups was made 
cf the capillary loops; (i) with straight limbs, 
(ii) with spiral formations, (iii) with one thicker 
limb, (iv) with a thickened arch, and (v) mixed 
types. As can be seen from the table, no distinction 
can be made between the appearances seen in dis- 
seminated sclerosis and in the control series. 


Summary 


The nailbeds of 31 patients suffering from dis- 
seminated sclerosis were studied and compared 
with 34 normal controls. No significant difference 
could be seen in the size and shapes of the capillary 
loops between the two series. 


We wish to thank Dr. R. S. Allison for his encourage- 
ment; Professor A. D. H. Greenfield and assistants of 
the Department of Physiology, Queen’s University, 
Belfast, who examined and compared the photographs ; 
and Professor J. H. Biggart, Director, Department of 
Pathology, Queen’s University, Belfast, for the use of 
the capillary microscope. 
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MEMORY STUDIES IN ELECTRIC CONVULSION THERAPY 
II. THE PERSISTENCE OF VERBAL RESPONSE PATTERNS 
BY 
MOYRA WILLIAMS 


From the Research Department, Graylingwel! Hospital, Chichester 


In a previous study of memory for ambiguous 
pictures shown to patients immediately before and 
after electro-convulsive therapy, (E.C.T.), it was 
found that although in the post-E.C.T. confusional 
state the pictures were regarded by the patients as 
unfamiliar, those which had been seen and correctly 
named by them before the treatment were recog- 
nized with fewer cues than might be expected 
(Williams, 1950). Thus, despite the absence of 
both recall and recognition on the part of the 
subjects, the effect of previous exposure to a stimulus 
was apparent in the experimental situation. From 
the verbai responses given by the patients, however, 
and the sequence in which these were obtained, it 
seemed likely that the names and descriptions given 
were in the nature of automatic responses and did 
not include conscious recognition of the material 
in its fuller sense. An experiment by Zubin (1942), 
which showed that learning of paired associates 
immediately before E.C.T. impeded, through 
perseveration, post-treatment learning of new 
associates to the same stimulus words, also indicates 
that modes of verbal response established before 
the treatment are not easily disrupted. The same 
author (Zubin, 1948) observed in a woman patient 
recognition above the chance expectation of material 
memorized by her before shock, despite her 
protest that she had never seen it before. From 
these two observations Zubin concludes that after 
E.C.T. “* though the memory trace itself is retained, 
awareness of the memory is completely lost ”’. 
This statement accords with Géillespie’s (1937) 
distinction between two types of recall (1) sensory- 
motor recall, and (2) voluntary recall, including 
associations. 

It was in order to test the hypothesis that these 
two types of memory might be distinguished on 
account of one type being less seriously affected by 
E.C.T. than the other that the following experiment 
was carried out. 

Method 

Test Material and Administration.—The test material 

consisted of two groups of pictures (Fig. 1). Those in 





the first group were straightforward pictures of simple 
objects drawn in black ink on white cards 2 in. x 1 in. 
Those in the second group were of a sketchy nature, each 
representing vaguely one of the objects in Group I. 
The pictures in Group I will be referred to as “‘ things ” 
and those in Group II as “half-things”’. Before 
beginning the test the subjects were instructed as follows : 
““I want to see how quick you can be. I have some 
small pictures here ; some of them you will recognize 
without any difficulty, but some of them are not quite so 
easy. I am going to hold them up one at a time, and I 
want you to see how quickly you can tell me what the 
pictures are or what they look like to you. It does not 
matter what you call them. The idea is just to see how 
quickly you can put a name to them.” A stop-watch 
was Started as soon as the picture was held up and the 
patient’s attention focused on it. It was stopped 
directly the patient began to give an answer, and without 
waiting until mention of the specific name. Thus, if 
the patient’s verbal response was, “‘ I suppose it might 
be a tree’, his reaction-time was measured from the 
moment he started speaking (at which time it was con- 
cluded that the concept tree was formed in his mind) 
and not from his mention of the word tree. Patients 
who found difficulty in naming the “ half-things ’’ were 
given further encouragement with such questions as, 
** What is it most like ?”’; ‘‘ What could it be ?’’; ‘“‘ How 
would you describe it to someone sitting behind you ?” 
until 30 seconds had elapsed. After this time if no 
response, or only unacceptable responses, had been 
given, a failure was recorded. 


Scoring.—Scoring was made in terms of reaction-time 
scored to the nearest half-second. All descriptions of 
the ** half-things ’’ were scored as acceptable, if they had 
any relation to the stimulus. The majority of “ half- 
things’ were taken to represent the corresponding 
concrete objects in Group I. 


Population.—The subjects in the experiment were 58 
patients, including both men and women, at Graylingwell 
Hospital, of whom 46 were at the time of examination 
undergoing a course of E.C.T. Among the patients 
under this form of treatment, the clinical diagnosis, the 
time of admission to hospital, the length of treatment, 
age, 1.Q. and personality integration, varied, but in most 
cases depression was the outstanding symptom for 
which treatment had been instigated. Only those 
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| Fic. 1.—The “‘ things ” (Group 1) and “‘half-things ” (Group 2) used in the test. 
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patients who were in a well-orientated condition and 
could name a picture similar to any of the “‘ things ”’ in 
under 30 seconds were used as subjects. Thus patients 
with gross perceptual disturbances or very marked 
retardation before treatment were not included in the 
experiment. Brief stimulus E.C.T. was given without 
sedation or curare in all cases. The remaining 12 
patients were selected to match those undergoing E.C.T. 
as closely as possible in respect of clinical diagnosis, 
age, 1.Q. and time of admission to hospital. Many of 
them began to receive E.C.T. shortly after they had 
taken part in this experiment. 


Experimental Procedure.—The total number of 
subjects was divided into five matched groups: four 
groups of subjects under treatment, and one control 
group. The experimental procedure was slightly varied 
for each group as shown below. 


Group I (Ten Patients undergoing E.C.T.).—The subjects 
were shown three “ things’ some time during the day 
before treatment was given, and all six “* half-things ”’ in 
the post-E.C.T. confusional period. (This period was 
defined as the time before the patient’s memory for the 
examiner or the previous test had returned but when he 
was able to count the number of fingers held up before 
him, and correctly name keys, stop-watch, and pen. 
The exact time after treatment varied from one patient 
to another.) 


Group Ila (Nine Patients undergoing E.C.T.).—The 
subjects were shown three “* half-things ”’ before E.C.T., 
and all six “ half-things ’’ in the post-E.C.T. confusional 
period. 


Group IIb (Eight Patients undergoing E.C.T.).—The 
subjects were shown three “ half-things ’’ before E.C.T. 
In the post-E.C.T. confusional period they were first 
shown three irrelevant “‘ things ’’ and then all six “‘ half- 
things ”’. 


Group III (Ten Patients undergoing E.C.T.).—The 
subjects were shown three “‘ half-things ”’ before E.C.T. 
In the post-E.C.T. confusional period they were first 
shown the three ‘‘ things ’’ corresponding to the unseen 
** half-things *’ and then all six “* half-things ”’. 


Group IV (Nine Patients undergoing E.C.T.).—The 
subjects were not shown any of the experimental pictures 
before E.C.T. During the post-E.C.T. confusional 
period they were first shown three “‘ things ’’ and then 
all six ** half-things ”’. 

Group V (Twelve Patients not undergoing E.C.T.).—The 
subjects were first shown three “‘ things” and then all 
six “* half-things ”’. 

The procedure followed with each group is set out 
schematically in Table I. The order in which “ things ” 
and “ half-things ’’ was shown was continually varied in 
order to compensate for possible differences in the 
recognizability of the material itself, so that in Table I 
a, b, and c refer to the first pictures shown and not to 
any particular “things” or “ half-thing’’. Thus, if 
one patient in Group I was shown the umbrella, the 
stool, and the glasses, before treatment, the next patient 
in this group was shown the tree, fork, and scissors at 
this time. During the post-E.C.T. testing a familiar 
picture was shown alternately with an unfamiliar one. 
The subjects in Groups III, IV, and V, however, were 
shown each “ thing ”’ picture some time, but not immed- 
iately, before its corresponding “ half-thing ”’. 


Results 


The number of successful and unsuccessful 
responses to the “ half-things ’’ given in the post- 
E.C.T. confusional state by the subject in each 
group and to each type of stimulus is given in 
Table II. The mean reaction-time for the successful 
responses and the value of y? between successes 


TABLE I 


SCHEME OF PROCEDURE 











Pre-E.C.T. Post-E.C.T. 
Group | 
First Test Second Test First Test Second Test 
I ‘* Things ” | — ** Half-things ” | — 
a, b,c a-f | 
Ila | ** Half-things ” — —_ | “* Half-things ” 
| a, b,c a-f 
IIb ** Half-things ” — ** Things ” “ Half-things ” 
| a, b,c g, h, i | a-f 
Il | “Half-things” ee “ Things ” |“ Half-things ” 
| a, b, c d,e, f a-f 
IV : si _ “ Things ” |“ Half-things ” 
| | a,b, c | a-f 
| | 
Vv | * Things ” ** Half-things — | oo 


a & Cc | a-f 
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TABLE JI 
REACTION TO “ HALF-THINGS”” BY SUBJECTS IN GROUPS I-V 
| } 

Condition | Group | Total | | Mean x? of 
when | of | Stimuli No. | a by ren R.T. of | Success and 
Tested Subjects | Responses) P — Successes Failures 

Post-E.C.T. I *“* Half-things ” seen 30 11 19 9-3 
confusional alone | 
state ** Half-things ’” whose 30 21 9 6°8 6°70 

corresponding (P = -0l) 
| | ““things”’ were seen 
| | before E.C.T. 

Post-E.C.T. II ‘“* Half-things”’ seen 51 | 16 35 | 9-1 23 
confusional for first time | Ula= 12, | dla=15, | (la=13 | (P =<-002) 
state IIb = 4) | IIb = 20) | IIb = 5-2) 

** Half-things ”’ already 51 40 11 49 
seen before E.C.T. | (la = 23, (ila = 4, | (la = 546, 
IIb = 17) IIb = 7) | IIb = 43) 

Post-E.C.T. Ill | “ Half-things” seen 30 19 11 | 4-35 
confusional after corresponding | 
state “things” in confu- | 0 

sional state 
‘* Half-things ” already 30 19 | 11 | 3-95 
seen before E.C.T. | 

Post-E.C.T. | IV ** Half-things”’ seen 27 18 9 7:05 
confusional alone | 3-0 
state (P = -10) 

** Half-things ” seen 27 24 3 7:3 

after corresponding 
“things” in confu- 

sional state 

Well Vv ** Half-things ” seen 36 33 3 | 3°65 
orientated alone 0 

** Half-things ” seen 36 34 2 6:0 
| 


| after corresponding 
** things.” 








and failures have been calculated and are included 
in Table II. 

It will be seen from the responses given by 
Group I that out of 30 “ half-things ” seen alone, 
11 were responded to successfully and 19 unsuccess- 
fully, whereas out of 30 “ half-things’’ whose 
corresponding “things” had been seen before 
E.C.T., 21 were responded to successfully and only 
nine unsuccessfully. If these figures are compared 
in a 2 < 2 table and submitted to the y? test for 
goodness of fit, the value of y? is 6-7, and the 
probability that such a distribution could be due to 
chance is ‘01. In addition, the mean reaction-time 
of the successful responses falls from 9-3 seconds 
for those seen alone to 6:8 seconds for those seen 
after their corresponding “things”. In order to 


appreciate the importance of this point, it must be 
remembered that at the time at which these responses 
were made, the subjects had seen none of the “ half- 
things ’’ before, and had no conscious recollection 
of having seen the “things” before treatment. 


From the responses given by Groups Ila and b 
it will be seen that out of 51 “ half-things ” seen 
for the first time after E.C.T., 16 are responded to 
successfully and 35 unsuccessfully, while of the 
same number seen already before E.C.T. 40 are 
responded to successfully and only 11 unsuccessfully. 
This distribution is again above the chance expec- 
tation. The mean reaction-time for the successful 
responses is also shorter for those seen before than 
for those seen for the first time, despite the patient’s 
amnesia for the previous exposures. Since there is 
no significant difference between the successful and 
unsuccessful responses of Groups Ila and IIb, it 
must be concluded that the responses made to the 
three irrelevant “things” before the true post- 
E.C.T. testing is begun (Group IIb) did not influence 
the reactions to the “ half-things ”. The importance 
of this finding will be considered in the discussion. 

The subjects in Group III gave the same numbers 
of successful and unsuccessful responses after E.C.T. 
to “ half-things ’’ already seen before E.C.T. as to 
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those seen for the first time but soon after their 
corresponding ‘things’. Thus, previous res- 
ponses to the same stimulus before E.C.T., and to 
a related stimulus after E.C.T. appear to be alike in 
facilitating the enaction of this response during the 
confusional period. This point is further empha- 
sized by the responses of Group IV, who show 
significantly more successful responses to “ half- 
things *’ seen for the first time but soon after their 
corresponding “things” after E.C.T.. than for 
those seen for the first time and alone. 

The subjects in Group V were examined in a 
well-orientated state, not having begun their course 
of E.C.T. up to the time of the experiment. Nearly 
all ‘* half-things *’ were responded to successfully, 
but in contrast to the post-E.C.T. patients, who 
responded more readily to ‘* half-things ” seen after 
their corresponding “ things” than to those seen 
alone, the subjects in Group V responded more 
readily to the “ half-things’’ seen alone than to 
those seen after their corresponding ‘“‘ things ” 
This is shown by the mean reaction-time which 
rises from 3-65 seconds for the former to 6-0 seconds 
for the latter. A possible reason for this delay was 
suggested by the way in which some of the patients 
in this group gave their responses. Thus, when 
shown the “ half-things’’ corresponding to a 
“thing” they had already named, there was a 
tendency to give such responses as, “‘ Well, it’s not 
really a stool; it’s not as good a picture as the 
other ”’, indicating that recollection of the “ thing ” 
might have set a standard in the patient’s mind 
which impeded performance of the same reaction 
to a “ half-thing ”’. 


Discussion 


From the results quoted above, three points 
appear to be outstanding. (1) A verbal response 
aroused by one stimulus immediately before or 
immediately after E.C.T. is more easily aroused by 
a different (though related) stimulus in the con- 
fusional period than is a different verbal response. 
(2) The effect of the previous response is not 
disturbed by an interpolated task calling for a new 
response, such as that required by the naming of 
three irrelevant pictures. (3) The comparatively 
easier elicitation of verbal responses is not noted 
under conditions in which the second stimulus 
arouses at the same time an explicit memory of the 
original stimulus. Thus the reproduction of a 
verbal response and the memory of previous 
perceptions with which it was associated do appear 
to be separable and to substantiate the introductory 
hypothesis. That these two functions are also 
operating with different degrees of efficiency in 
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patients suffering from amnesic states due to other 
organic syndromes is suggested by Bonhoeffer’s 
observations published in 1901. Despite retro- 
active amnesia sometimes extending back for 20: 
years, he showed that patients exhibiting Korsakoff’s 
syndrome do not revert to more juvenile behaviour 
but act as if they knew they were in a hospital. 
Gregor and Roemer (1906), studying the reaction 
time on simple and choice reactions in Korsakoff 
patients, also noted an after-effect of earlier im- 
pressions. These two observations suggest that in 


such patients acquired motor responses may be 


retained even if learned during the period to which 
the subject is ostensibly amnesic. 

From the nature of the responses given by the 
subjects in the control group of the experiment 
reported here, it is apparent that these two aspects. 
of memory, reproduction (performance memory) 
and recognition (perception memory), usually 
operate together. It is worth noting, however, 
that a perceptual memory need not necessarily be 
identical with the perception which established it. 
In fact, even in non-amnesic persons, it is very often 
markedly different. This point and some of the 
factors influencing the alterations occurring in 
memory images have been stressed by Bartlett 
(1932). The discrepancy between a memory image 
and the perception with which it was originally 
associated is often increased in organically ill 
patients who, as demonstrated by Zangwill (1940), 
may be able to describe and draw pictures which 
they regard as unfamiliar when shown again. 
Thus, the arousing of perceptual images appears 
to be another aspect of memory, distinct from both 
reproduction and recognition. 

Whether these aspects of memory should be 
regarded as levels of function acting simultaneously 
in the non-amnesic person, as Gillespie (1937) 
suggests, or whether they should be regarded as 
different stages of the same function which in the 
non-amnesic person is carried to its full conclusion 
very quickly, it is difficult to say. A more detailed 
discussion of the influence that the above experiment 
may have on general theories of memory would 
probably be better left till after the elucidation of 
other outstanding points. 

One such point raised by these findings is the 
nature of the sense of familiarity. This feeling 
(Claparéde’s ‘‘ me-ness”’) which is usually associated 
with repeated stimuli, is strikingly absent in patients 
after E.C.T. (Zubin, 1948), and is often found to be 
lacking in organic amnesic states (MacCurdy, 1928). 
How far a sense of familiarity is directly associated 
with the arousing of perceptual memories, which in 
such cases are also disturbed, is not clear, but is a 
matter which could well be investigated further. 









































MEMORY STUDIES IN ELECTRIC CONVULSION THERAPY 


Summary 


Studies are described of the re-arousing of verbal 
responses by a series of pictures resembling, though 
not identical with, a series of pictures seen earlier. 
The subjects were 46 patients undergoing E.C.T. 
and 12 matched controls. 

It was found that patients who were asked to 
give a verbal response to concrete pictures before a 
course of E.C.T. or during the early confusional 
period after it, gave the same verbal response more 
quickly than was expected to ambiguous pictures 
seen in the confusional state. 

In well-orientated patients exactly the opposite 
effects were noted. If the patients were shown 
concrete pictures before the ambiguous ones, the 
ambiguous ones were responded to more slowly 
than if seen alone. 

The relationship between these findings and some 
disturbances of memory noted in cases with known 
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organic lesions is discussed, with references to 
further possible lines of research. 


I should like to acknowledge my gratitude to Dr. 
Joshua Carse, Medical Superintendent of Graylingwell 
Hospital, where these investigations have been carried 
out, for permission to publish the material, and to 
O. L. Zangwill for his valuable advice. 
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Prefrontal Leucotomy. By Maurice Partridge. 1950. 
Oxford : Blackwell’s Scientific Publications. Pp. 496. 
Price 42s. 


This book discusses the results of 300 cases of pre- 
frontal leucotomy, all of them seen personally by the 
author. The first quarter of the book is devoted to a 
detailed analysis of the post-operative changes seen in 60 
cases of affective disorder in which the disease process 
was considered not to have affected the basic personality 
and to have been substantially abolished by the operation. 
They are thus taken to represent a picture of the deficit 
in frontal lobe function caused by leucotomy. 

In subsequent chapters the results of operation in 
various diagnostic groups are analysed. The author 
purposely adopts very broad classifications in his psy- 
chotic cases, uSing grouping such as ‘* unequivocal 
schizophrenia’’ or “schizophrenia with affective 
features’, though he also considers diagnosis under 
the more detailed headings of Kraepelin’s nomenclature. 
This is justified by the present state of diagnosis in the 
psychoses, and will give for the general medical reader a 
welcome solidity to the diseases discussed. The author 
educes from the results of each group those factors 
which seem to be relatively for or against improvement 
from the operation. These chapters all contain a large 
amount of factual information, and Dr. Partridge has so 
marshalled his material that details do not obscure the 
main line of his argument. They will be of special 
interest to neurologists and psychiatrists; but the 
discussion of the post-operative picture in the undeter- 
iorated affective cases will have a wider appeal, to all 
those, whether clinicians or not, who are interested in 
frontal lobe functions. These earlier chapters are in 
some ways the cream of the book, and certainly make 
fascinating reading. Here the writer’s thoughtful 
approach is shown at its best, and the many implications 
of his observations are likely to be as profitable as the 
facts themselves. To take but one example, the evidence 
of some intellectual deficit in these cases appears con- 
vincing to this reviewer, though it will doubtless give 
rise to controversy. 

Throughout the book the author shows qualities often 
lacking in modern medical writing. He uses plain 
English skilfully, writes in a style which avoids pomposity 
and does not eschew occasional entertainment, states 
his evidence clearly and avoids dogmatism in interpreting 
it. The inquiry is a “ clinical ’’ one (in the wider sense), 
without the aid of “‘ adjuvant investigations ’’, and is a 
timely illustration of how valuable careful clinical 
observation can be. 

On the practical side, this book should ensure that 
the detailed structure of previous personality and the 
emotional and social milieu to which the patient must 


return be given full consideration in planning operation 
and in assessing results. Its theoretical contribution is 
to a clearer understanding of frontal lobe function. 
It may also suggest lines along which formal tests of 
this function may profitably be developed. All in all, 
it is likely to take its place beside Brickner’s detailed 
study and Freeman and Watts’ work as a real addition 
to the literature of the subject. 


Electroencephalography : A Symposium on its Various 
Aspects. By W. Grey Walter, Denis Hill, W. A. Cobb, 
D. Whitteridge, G. D. Greville, and M. E. Heppenstall. 
Edited by Denis Hill and Geoffrey Parr. With a fore- 
word by Prof. E. D. Adrian. 1950. London: Mac- 
donald & Co. (Publishers) Ltd. Illustrated. Pp. 438. 
Price £3 18s. 


This book gives the first collected experience and 
opinions of a group of British workers in electroencepha- 
lography. When the electroencephalogram (EEG) was 
first applied clinically, the need was for simple correla- 
tions between wave pattern and clinical states, and this 
stage was excellently represented by the Gibbs’ atlas. 
Once such correlations were established, an analysis of 
how normal and abnormal wave forms were composed 
and what they represented anatomically and physio- 
logically, became of as much interest to the clinician as 
to the electrophysiologist. The present volume attempts 
an introduction to this more developed phase of the 
EEG, while not neglecting the clinically useful aspect 
of variation of EEG pattern with brain disease. The 
symposium form of the work is well-adapted to this 
purpose. It allows Dr. Whitteridge, for instance, to 
contribute an excellent introduction to neurophysiology, 
essential to any real comprehension of what the EEG 
means, while Dr. Grey Walter illustrates its value in the 
diagnosis and investigation of epilepsy, still an important 
part of the medical EEG, and Dr. Hill reviews the rapidly 
growing contribution it is making to problems of neuro- 
psychiatry. There are chapters on technical and 
electrical problems, and a large body of work on pharma- 
cological and biochemical changes in the milieu of the 
brain and their effects on EEG records are also reviewed. 
Sections on cerebral trauma and neoplasm are included. 

The authors of a work of this sort are faced by the 
difficulties of catering for a wide and often disparate 
audience. On the one hand the technician-recordist 
wishes to know how to avoid or recognize artefacts in 
the record, and remedy the simpler technical faults and 
breakdowns in the apparatus ; on the other hand the 
physician or neurologist, often very slightly acquainted 
with electrical knowledge and even the more recent 
advances of neurophysiology, wants to know how far 
the EEG can help him clinically. The book makes a 
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gallant but not wholly successful attempt to fulfil both 
functions. Perhaps in the future it will be necessary to 
allow these two aspects of the subject to develop and be 
presented separately in much the same way as a Similar 
segregation has occurred in radiology. However, the 
present volume undoubtedly constitutes an important 
contribution to the subject and it will be an essential 
work of reference for all those concerned with 
electroencephalography. 


Clinical Electroencephalography. By Robert Cohn. 
1949. London and New York: McGraw Hill 
Publishing Co. Ltd. Pp. 639. Price 119s. 


This is an atlas which contains a long succession of 
extracts of electroencephalographic records made with a 
standard technique using a six channel apparatus. The 
right hand page shows the records, nearly life size, and 
the left carries an abstract of the clinical facts relating 
to the case and a stereotyped description of the records. 
There must be over 300 of these records but they are 
grouped in sections, each with a page or two of intro- 
duction. The first 20 pages deal with the physics of 
the subject and the general principles of interpretation. 
Technicians learning the subject will like to have a 
collection of records of this sort beside them, but they 
will surely turn more and more to their own records, 
which are living things to them in the same way as Dr. 
Cohn’s lived for him. The trouble is that records of 
other people are dead things and committing them to 
print does not bring them to life. 


Die Liquordiagnostik in Klinik und Praxis. By Hans 
Demme. 1950. Munich and Berlin: Urban and 
Schwarzenberg. Second edition. Pp.212. Illustrated. 
Price D.M. 16. 


This book is intended primarily to help the clinician 
in evaluating the data which he obtains from study of 
the cerebrospinal fluid. It is well adapted to this 
purpose. The second edition is enlarged, and many 
sections have been re-written. After some 60 pages 
summarizing the methods of examination, the remainder 
of the book describes the findings from the cerebrospinal 
fluid to be expected in various nervous diseases. The 
figures include a large number of “ normomastix ” 
reaction curves, and a small number showing gold sol 
and other reactions. The bibliography refers to about 
forty monographs or collected works on the cerebro- 
spinal fluid but does not include references to scientific 
or clinical journals. 


Practical Neurological Diagnosis. By R. G. Spurling. 
1950. Illinois. U.S.A.: Charles C. Thomas, Springfield ; 
Oxford : Blackwell Scientific Publications Ltd. Fourth 
edition. Pp. 268. Price 37s. 6d. 


One might have thought from the title and price of 
this book that it would provide an adequate introduction 
to the methods of neurological diagnosis in the usually 
accepted sense. This however is not so, for the descrip- 
tion of neurological examination is surprisingly lifeless 
and incomplete. For example there is little or no 
reference to examination for injury to peripheral nerves, 


muscle diseases, hysterical paralysis, attention hemi- 
anopia or disorientation in one visual field. The brief 
references to functions of the frontal lobes, and to speech 
functions can be of little help to the student faced with a 
case in which these require investigation. No less than 
one-third of the book is devoted to examination of the 
cerebrospinal fluid and roentgenologic diagnosis, but 
even here there are statements which provoke dis- 
agreement. For example the cerebrospinal fluid (p. 187) 
if ‘* yellow, under increased pressure with normal or only 
slightly increased protein ’’ is said practically always to 
indicate subdural hematoma. It should however be 
pointed out that this type of fluid is commonly found 
during recovery from traumatic or spontaneous sub- 
arachnoid hemorrhage. 


Lehrbuch der Neurologie und Psychiatrie. 
Ewald. 1948. Berlin: 
Price D.M. 32. 


Professor Ewald belongs to the old school of German 
psychiatrists—thorough, neurologically-disciplined ob- 
servers, widely read in everything written on their subject 
in German (except the works of Freud and Jung), and 
more interested in diagnosis and pathology than in 
treatment. Both the neurology and the psychiatry in 
this book attest the relative isolation in which the author 
and his countrymen lived for a decade and a half, or more. 
The work is clear and concise. two-fifths of it are 
devoted to the anatomy and physiology of the nervous 
system and to its diseases, the remainder to mental 
disorder with an initial section on normal psychology 
and psychopathology. 


By Gottfried 
Urban und Schwarzenberg. 


Lehrbuch der Anatomie des Menschen. Vol. III. 
Nervensystem, Haut- und Sinessorgane. By A. Benning- 
hoff, in collaboration with E. Géppert and K. Niessing. 
1950. Munich and Berlin : Urban and Schwarzenberg. 
Illustrated. Third edition. Pp. 415. Price D.M. 30 
(bound). 


This well published textbook is the third volume of a 
well-known student’s work of reference. The illustra- 
tions are both excellent and original, while there is a 
correlation of morphology and function which adds to 
the book’s value. It may however be suggested that a 
few references to recent work would have emphasized 
that this is a ** living subject ’’, and would have provided 
a counterbalance to the traditional belief of the German 
student in the omnipotent authority of the textbook. 


Der Arzt der Persénlichkeit. By Ernst Speer. 1949. 
Stuttgart: Georg Thieme Verlag. Pp. 290. Price 
D.M. 26. 


Proceeding in a systematic manner from a philo- 
sophical discussion of the body-mind problem, the author 
defines what he means by psychotherapy and gives an 
account of its history, its clinical subject matter, its 
problems and aims. Suggestion and hypnosis, various 
training procedures, Freudian and other types of psycho- 
analysis, cathartic methods, the techniques of Adler, 
Jung, Stekel, and others, dream analysis and psycho- 
synthesis, all are described critically and in detail. Late 
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in the book, one comes on a description by the author 
of his own method of “‘ contact-psychology ”’, which is 
based on his individual theory of psychiatry. This 
theory is that the one mental disorder of man is schizo- 
phrenia and that all neurotic and other abnormal mental 
processes are manifestations of the schizoid. There is 
but a single scale: from the normal at one end to the 
most severe catatonic at the other. Many Freudian 
and other views are accepted but translated into other 
terms. Thus the **‘ Oedipus complex ’’ becomes but one 
form, an early one, of disturbance of contact or of inter- 
personal relations ; that is, a disturbance of the relation 
between the child and its parents. One or another 
method of psychotherapy is the only means considered 
by which these disturbances may be influenced. 

While there is abundant evidence in this book of a 
wide acquaintance with the literature of clinical judgment, 
experience and insight, and of original thinking, the value 
of the contribution that is made to psychiatric thought is 
almost entirely annulled by the extreme point of view 
from which it is written and by the complete neglect of 
the biological substrate of human behaviour. 


BOOKS RECEIVED 


(Review in a later issue is not precluded by notice here of books 
recently received.) 


By Paul 
Record. 


Psychiatric Sections in General Hospitals. 
Haun. 1950. New York: Architectural 
Pp. 80. Price $4.00. 


Textbook of Neuro-Anatomy. 
London : Balliére, Tindall & Cox. 
Pp. 524. Price 61s. 6d. 


By A. Kuntz. 1950. 
5thed. Illustrated. 


Textbook of Abnormal Psychology. By Carney 
Landis and M. Marjorie Bolles. 1950. London and 
New York: MacMillan & Co. Ltd. Revised edition. 
Illustrated. Pp. 634. Price 37s. 6d. 


Fainting : Physiological and Psychological Consider- 
ations. By George L. Engel. 1950. Oxford: Black- 
well Scientific Publications, Ltd. Ist ed. Illustrated. 
Pp. 140. Price 20s. 


Delinquency and Human Nature. By D. H. Stott. 
1950. Dunfermline (Fife) : Carnegie United Kingdom 
Trust. Pp. 460. No price stated. 


Transactions of the Ophthalmological Society of the 
United Kingdom. 1950. London: J. & A. Churchill 
Ltd. Vol. LXIX, 1949 Session. Illustrated. Pp. 708. 
No price stated. 
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Allegemeine und Spezielle Chirurgische Operations- 
lehre. By N. Guleke. 1950. Vol. 2. ‘* Die Eingriffe 
am Gehirnschadel, Gehirn, an der Wirbelsdule und 
am Riickenmark.” Berlin, Gottingen, and Heidel- 
berg: Springer-Verlag. 2nded. Illustrated. Pp. 589. 
Price DM. 126. 


Cerebral Angiography. By P. Almeida Lima. 1950. 
Oxford University Press. London: Geoffrey Cumber- 
lege. Illustrated. Pp. 221. Price 45s. 


Die Wirkungseinheit des Lebens. By Ludwig Seitz. 
1950. Berlin and Munich: Urban & Schwarzenberg. 
Illustrated. Pp. 500. Price DM. 33. 


Pre-frontal Leucotomy. By Maurice Partridge. 1950. 
Oxford : Blackwell Scientific Publications Ltd. Pp. 496. 
Price 42s. 


Psycho-Analysis : A Handbook for Medical Prac- 
titioners and Students of Comparative Psychology. By 
Edward Glover. 1949. London: Staples Press Ltd. 
Pp. 367. Price 15s. 


Abscesos Cerebrales. By Adolfo Ley. 1950. Bar- 
celona, Madrid, Buenos Aires, Rio de Janeiro, and 
Mexico: Salvat Editores, S.A. Illustrated. Pp. 144. 
Price not stated. 


André Barbé. 
Illustrated. Pp. 


1950. 
1116. 


Précis de Psychiatrie. By 
Paris: G. Doin & Cie. 
Price Fr. F. 2,300. 


Das Strichbild : zum Form-und Stoffproblem in der 
Psychologie der Handschrift. By R. Pophal. 1950. 
Stuttgart : Georg Thieme Verlag. Illustrated. Pp. 60. 
Price DM. 6.60. 


Medizinische Psychologie. By Ernst Kretschmer. 
1950. Stuttgart: Georg Thieme Verlag. Pp. 304. 
Price DM. 24. 


Adler’s Place in Psychology. By Lewis Way. 1950. 
London: George Allen & Unwin Ltd. Pp. 334. 
Price 18s. 


Electrophysiological Technique. By C. J. Dickinson. 


1950. London: Electronic Engineering. Illustrated. 
Pp. 141. Price 12s. 6d. 
Freud: Dictionary of Psychoanalysis. Edited by 


Nandor Fodor and Frank Gaynor, with a Preface by 
Theodor Reik. 1950. New York: The Philosophical 
Library, Inc. Pp. 208. Price $3.75. 


By Gerhardt von 
Scientific Pub- 


Essay on the Cerebral Cortex. 
Bonin. 1950. Oxford: Blackwell 
lications, Ltd. 


Illustrated. Pp. 168. Price 27s. 
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